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Introduction 


The present treatise deals with the life history, ecology, and range use 
of the pronghorn antelope (Antilocapra americana) in the Trans-Pecos 
Region of Texas (Fig. 1). The primary objective of the present investiga- 
tion was to determine “antelope” food habits and antelope-livestock com- 
petition. A general life-history and ecological study was made as ground 
work upon which to base conclusions concerning range use by the prong- 
horned antelope and to increase the knowledge of this remarkable animal. 


Approximately 15 months were devoted to field work, beginning June 13, 
1946 and terminating September 1, 1947. 


At the present time pronghorn antelope are thought to be so abundant 
on some of the ranches in the Trans-Pecos Region of Texas that ranchmen 
are becoming more and more concerned over the amount of forage they 
consume. Some ranchmen believe that the animals comp:te so severely 
with domestic stock that they want all the pronghorns removed from their 
ranches. This attitude is spreading while at the same time the antelope 
are increasing through proper management and protection. Since the prong- 
horns are on privately owned lands, a proper attitude among razchm-n, 
based on accurate information is necessary for a sustained harvest, an ex- 
tension of present range, and an increase in population over suitable hab’tats 
in various parts of the State. 


Many land owners in western Texas are not interested in the relatively 
small income derived from annual antelope hunts on their lands. The 1946 
income of $40 per buck, although increased from $25 during the first two 
hunts in 1944 and 1945, is not considered adequate compensation for the 
amount of range forage consumed. This opinion is based on the assumption 
that antelope food habits are essentially the same as those of cattle and 
that the game consumes a considerable amount of grass which could be 
utilized by cattle. The conspicuous dominance of the grasses on the range 
land occupied by the pronghorn led ranchmen and other people to conclude 
long ago that this animal must live largely on grasses. Furthermore, a mis- 
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leading idea that only five or six antelope are equivalent to one cow (one 
animal unit) in food consumption has become current among the ranchmen 
in recent years, increasing their concern over the number of these animals 
on the range. The mistaken ideas concerning antelope-livestock relation- 
ships have developed largely through a lack of knowledge about pronghorn 
food habits. 
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Previous Investigations 


Previous research on antelope in Texas has been concerned with general 
life history and range ecology pertaining to distribution and numbers. Most 
of the work has been of a developmental nature under the Pittman-Rotertson 
program which began in 1938. No thorough investigation has been made 
of antelope food habits, though incidental observations were noted by State 
field biologists. Fisher (1939) observed pronghorns feeding on the tender 
leaves and the beans of mesquite, as well as the tips of juniper, near Sterling 
City in west-central Texas. Recently Uzzell (1946) reported: 


It is believed, based on incidental observation, that antelope prefer green weeds to 
green grasses. On different occasions, they have been watched while eating and whenever 
weeds are present, such as the common daisy. they will cater to them. A doe was observed 
to eat wooly senecio (Senecio longilobus), a poisonous plant. They also eat leaves from 
assorted acacias and stems from Mexican tea bushes (Ephedra antisyphilitica). Various 
grasses are taken—-those identified are as follows: three-awn, little bluestem, tobosa (when 
it is green), and grama grasses (Bouteloua spp.). As the above grasses were observed to 
be consumed in only a few cases, no definite statement can be made concerning antelope 
food preferences. 
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Prince (1909) was of the opinion that antelope in Canada could not 
subsist on the rich eastern grasses and that very little grass should be given 
to pronghorns in captivity. 


In contrast to the evidence presented by other writers, Skinner (1922) 
states: 


In their eating, pronghorns confine themselves largely to various grasses, preferably 
those like the gramma, buffalo, and bunch grasses that cure well on the stalk. They are 
also fond of alfalfa and will strip the heads from any vagrant oat stalks they find; but 
they cannot live on the rich, green grasses of the East. I have never seen any evidence of 
browsing on bushes and trees, except that they eat the leaves from the tridentata sage quite 
freely, even when forage is plentiful. 


Speaking of antelope in captivity, Skinner says, “A ration of rolled 
oats, clover, and a very little grass, with a little salt two or three times 
a week, has given best results.” 


On the basis of four antelope stomachs collected at different times of 
the year near Flagstaff, Arizona, Musgrave (1931) found 49 percent juniper 
tips and 2.5 percent grasses. He states that antelope are fond of dry weeds 
and that he saw pronghorns feeding on convolvulus, geranium, baileya, and 
mallow on the Jornado Range Reserve, near Las Cruces, New Mexico. 


On the Wichita Mountains Wildlife Refuge in Oklahoma, Rouse (1941) 
made a study of winter-foraging habits of introduced antelope. Shrub-like 
perennials were found to make up the greater part of the forage consumed. 


In Utah, Rasmussen, Smith, and Doman (1941) found evidence that 
grass is not the most-favored food of the antelope. Browse is more readily 
taken, and forbs are equally important, according to their findings. 


Twenty-two antelope stomachs, collected in Idaho late in September 1940 
during the first hunt in 20 years, were analyzed by Ralph H. Imler, Assistant 
Biologist of the Wildlife Research Laboratory at Denver, Colorado. T. D. 
Biladeau, Big Game Supervisor of the Idaho Fish and Game Department, 
informed the writer that these stomachs were collected from range heavily 
used by sheep, cattle, and horses adjacent to farm lands where antelope often 
fed on alfalfa. The analysis showed 58 percent browse (mostly sagebrush), 
27 percent forbs (including 15 percent alfalfa), and 15 percent grasses. 


McKean (1944) reported that of 48 antelope stomachs collected in South 
Dakota from August to October during 1942 and 1943, 63 percent of the 
contents consisted of browse species, 10 percent farm crops, 26 percent 
forbs, and about 1 percent grasses. Kautz (1944) found that antelope 
stomachs from Colorado showed 84 percent browse, 10 percent weeds, and 6 
percent grasses. This analysis was based on 6 stomachs, 3 collected in 
May, 1 in June, and 2 in October. 


Couey (1946) found 87.4 percent browse, 5.7 percent weeds, and 6.9 
percent grass in 24 antelope stomachs collected in southeastern Montana 
during the hunting seasons of 1944 and 1945. 
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In his monograph on the pronghorn antelope, Einarsen (1948) reports 
that stomach analyses of collections made by O. J. Murie showed that browse 
plants are the sustaining food types. These are followed, in order of im- 
portance, by weeds and grasses. From sight records, Einarsen himself 
found 13 species of browse, 30 spscies of range weeds, 21 grasses, and 1 
sedge taken by antelope. With reference to the amount of the various 
species consumed, he states: 


In late winter or early spring, pronghorns will feed avidly on the tender new shoots of 
most grasses as they appear. Feeding is systematic and this intensive use may keep the 
new grasses close-clipped. On open range, spring utilization of green food, which includes 
many of the grasses, may have considerable effect upon the green food later availal:le for 
sheep or cattle, as pasture grasses in May or June are greatly decreased. 


As the season progresses, the use of range weeds, grass-like plants and browse reduces 
consumption of grasses, and there .are so many plants palatable only to antelope that there 
is no continuous direct competition between them and domestic animals in Oregon. This 
is especially noticeable on range where antelope forage persistently, and upon which domes 
iic animals have been controlled or prohibited from entering, for example on the Hart 
Mountain Antelope Refuge. After its creation, grazing by domestic animals was prohibited 
as a restoration measure, and although three or four thousand antelope use the range, their 
effect upon the vegetation could not be detected, and it soon became apparent that con- 
trolled grazing by domestic animals was advisable. The fire hazard, resulting from dry 
grass in a country where lightning storms are common, jeopardized the entire refuge. The 
restoration of grazing for domestic animals quickly corrected the condition. This experience 
is excellent proof of the limited usage of pasture grasses by pronghorns as a staple food. 


Further proof that antelope prefer browse and forbs is offered by Grimm 
(1939) who states that antelope consume very little grass but a great deal 
of weeds and browse. 


The intense competition between sheep and antelope was probably first 
referred to in the literature by Taylor (1936), who stated that antelope do 
not do well on sheep ranges, but seem to thrive on cattle ranches. In a 
report on the antelope herds of northern Arizona, Knipe (1944) mentions 
that competition for forage is keen between sheep and antelope, as they 
both have the same food preferences. Throckmorton (1945) also refers to 
the undue competition between antelope and sheep, with the former giving 
ground. Discussing restocking projects in Texas, Etheredge (1946) states 
that failure of antelope transplants is closely related to heavily stocked 
sheep ranges and that transplants are usually successful on ranges lightly 
stocked with sheep or stocked with cattle. Reporting on competition, Uzzell 
(1946) points out that all cases of failures of antelope transplants in Texas, 
with one exception, were on ranges stocked with sheep or a combination 
of sheep and cattle. 


While it seems fairly well established in many western States that 
antelope consume large quantities of browse, some forbs, and a small amount 
of grass, no such information is available for Texas. In the Trans-Pecos 
Region where antelope are now hunted annually, knowledge of the food 
habits of the pronghorn and competition with livestock is of considerable 
economic importance. 
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Past and Present Status of the Antelope 
Past History 


Sufficient evidence is available to indicate that the pronghorn was ex- 
tremely atundant in the Trans-Pecos Region prior to about 1880, occurring 
in smaller numbers in other parts of Texas east approximately as far as the 
97th meridian. In southern Texas, Bartlett (1854) saw thousands of deer 
and antelope scattered over the prairie while making a trip from the Ring- 
gold Barracks near Rio Grande City to Corpus Christi. Evidence of greater 
abundance in the Trans-Pecos Region is presented by Baird (1859): 


On the plains lying between the Nueces and the Rio Grande, the great mustang range, 
and where the common deer is very abundant, but few antelopes are to be seen. It is not 
till west of the Pecos is reached that droves are observed dotting the most open and naked 
prairies, which it undoubtedly prefers and habitually inhabits; it is no rare occurrence, 
however, to find it in mountain valleys, from which it will sometimes take to the moun- 
tains, but usually from fright, not choice. .. . It is on plains destitute of most forms of 
¥e_ecation 2..cept grass that the largest herds of this animal are to be found. 


The eastern extension of the range has been established by Bailey (1905) 
who reported that in 1900 antelope occurred as far east as Henrietta (19 
miles east of Wichita Falls) in northern Texas, Rocksprings in the south- 
western part of the State, and Alice (40 miles west of Corpus Christi) in 
the southern part. This information was apparently used by Nelson (1925) 
in establishing the former eastern range of the antelope in Texas at about 
the 97th meridian. 


Mearns (1907) found antelope rare in southwestern United States by 
1890 in areas where they had ranged by the thousands 25 years previously. 
According to Taylor (1946), antelope ranged over Tornillo and Tobosa 
Flats when livestock were first introduced into the area now comprising the 


Big Bend National Park. 


That antelope were scarce in the Trans-Pecos Region by 1880 is indi- 
cated in correspondence with Sam Graham, who was a Texas Ranger in 
the region from 1880 to 1882. A small bunch ranged beyond Paisano Pass, 
15 miles west of Alpine. Antelope were also seen near the present site of 
Marfa, beyond Valentine, and on the north side of Davis Mountains some- 
where near Kent. Graham never saw antelope on the Alpine, or south, side 
of the Davis Mountains where they are abundant today and_ probably 
occurred in abundance before 1880. On the other hand, W. D. Reynolds, 
owner of a large ranch near Kent, informed the writer that antelope were 
abundant in the Davis Mountains area when he settled there in 1895. 
Shortly after 1900 many squatters attempted to settle in the country, par- 
ticularly along the railroads. It was impossible for these people to make a 
living from small tracts of land and they were forced to live largely on the 
game, resulting in near extermination of the antelope. 


A southern buffalo (Bison bison bison) herd containing not less than 
4,000,000 head, which retired to western Texas (probably the Trans-Pecos 
Region) for the winter, is referred to by Smith (1899). According to 
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Smith, by the decade 1874-1884 the buffalo had been exterminated, the 
Indian gone, rains were good, and there were few head of stock on the 
range. This was the golden period for herds of cattle already on the range. 
With the building of the Texas and Pacific Railroad in 1883, overstocking 
with cattle resulted. Grass losses resulted from the overgrazing; destruction 
by pests and weeds increased. Buffalo and antelope were common com- 
panions when both were abundant on the plains of the West, according to 
Seton (1937) who found references among early writers to support this 
contention. Nelson (1925) points out that the pronghorn range covered 
not only practically all of the buffalo country west of the Mississippi River, 
but also a vastly greater area, and that the antelope exceeded the buffalo in 
numbers. It seems logical to assume, therefore, that the enormous herds of 
buffalo which roamed in western Texas were accompanied by large herds 
of antelope. 


East of the Pecos River about 40 miles, in the vicinity of Ozona, and 
around Mertzon, 28 miles southwest of San Angelo, Murray (1932) found 
antelope quite common, though not abundant, as late as 1916. Aside from 
this record, no reliable information is available concerning antelope numbers 
in Texas from 1880 to 1922. In the same general area referred to by 
Murray, antelope were few in numbers in 1922, according to C. R. Landon, 
in charge of predatory-animal control for the Biological Survey in Texas. 
In 1924, Nelson (1925) compiled the most-thorough antelope census made 
to that date. A total of 2,407 pronghorns were recorded for the State, 692 
eccurring in the Trans-Pecos Region, distributed in only nine areas. These 
figures are not to be relied upon as absolute censuses, since they consist of 
estimates made by game wardens, ranchmen, and others. Over the vast 
ranges occupied, accurate numbers of antelope can be obtained only by air- 
plane census. On the other hand, small numbers are more accurately esti- 
mated or counted than large numbers. It can be safely stated that antelope 
were few in western Texas in 1924, though they may have been present in 
greater numbers than the estimate indicates. ‘While Landon presented evi- 
dence of decreases in antelope herds east of the Pecos River on the western 
portion of the Edwards Plateau, Game Warden Pete Crawford, writing in 
January 1925, states that each of the herds he knew was decidedly on the 
increase and that by the end of 10 years, providing the program of con- 
servation were carried out, antelope in the region west of the Pecos would 
become a common sight (Nelson 1925). 


PRESENT STATUS 


Information gathered by Fisher (1938), based on reports from game 
wardens, showed a population of 3,888 antelope in the Trans-Pecos in 
November 1938. In the fall of 1941, Fisher (1942) determined by aerial 
survey that a minimum of 4,742 occurred in the region. Recently Etheredge 
(1947), using mostly aerial surveys, with a few road counts by car and 
estimates by field biologists, found a population of about 7,300 antelope 
west of the Pecos River in September 1946, before removal of 395 by hunt- 
ing and about 600 by trapping. These figures indicate a decided increase 
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in the antelope herds since 1924. That the population is now firmly 
reestablished is evident from the fact that 2,136 pronghorns were trapped 
between 1939 and 1946, most of them being removed from the region, and 
959 were killed during three hunts (1944-1946). Antelope distribution and 
abundance in February 1947 are shown in Figure 1. The data used in con- 
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Fig. 1—Antelope distribution and abundance. 


struction of the map were compiled by Etheredge. Approximately 6,300 
antelope were present in the region, after removal of nearly 1,000 through 
hunting and trapping. Each solid dot on the map represents 20 head; each 
circle represents 10 head. The antelope obviously are most concentrated in 
the vicinity of Alpine and Marfa. While the Diablo Plateau in Hudspeth 
County supports a fair population, the herds are scattered, possibly because 
less food is produced with the lower rainfall. The antelope are forced to 
move about much more than in areas where food is abundant. 


DECIMATING FACTORS 

Excessive hunting was the princiapl cause for the great decline of the 
antelope in Texas, as well as other parts of North America. This is brought 
out by Nelson (1925), Murray (1932), and Anonymous (1945), as well 
as conversations with old-time residents. Pronghorns were first hunted as a 
food supply; later for sport and by ranchmen who considered them severe 
competitors for range grasses. V. L. Bunderson, Range Conservationist of 
the Soil Conservation Service, informed the writer that Pat O’Donnell (now 
deceased), former resident of Fabens, witnessed carloads of antelope around 
1882 and 1883 that were used to feed crews building the railroads. Ac- 
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cording to Game Warden A. R. Williams, Bill Jones (now deceased), an 
old-time ranchman in the vicinity of Marfa, saw antelope shipped out of 
Marfa in refrigerator cars to be sold on the market. The destruction of the 
antelope herds was facilitated by pasture ferccs when these came into general 
use. Sheep-proof fences made the antelope especially vulnerable, since the 
antelope refused to jump the fences. In the Texas Panhandle, Lewis (1938) 
describes how in 1881 about 1,500 pronghorns were slaughtered by hunters 
in one day, when the animals drifted into the pocket of a drift fence during 
an unseasonal blizzard. Use of the automobile added another hazard to 
the antelope, especially in fenced pastures. 


Blizzards and droughts brought down populations periodically in various 
areas. In the southern part of the Panhandle, J. R. Strayhorn reported that 
150 antelope froze to death during a blizzard in Garza county near Post, 
Texas. Fences prevented the antelope from migrating to protected areas as 
they did when they roamed freely over the range. During the severe 
drought from 1933 to 1935, hundreds of antelope as well as livestock 
perished from starvation. 


Although a closed season on antelope was established in 1903 by the 
Texas legislature, hunting continued to prevent the herds from increasing. 
A considerable number of antelope were legally killed in 1914, when 
through an oversight the legal protection in Texas was allowed to lapse for 


about 30 days (Nelson 1925). 


A few ranchmen protected the pronghorns from an early date, and it is 
from these nuclear herds that the present population has developed. With 
the protection offered by some ranchmen, popular sentiment, and the gradual 
enforcement of the law by game wardens, the number of antelope increased 
slowly. The increase has been most noticeable since about 1924, undoubtedly 
because the idea of conserving the antelope was becoming established about 
this time and greater protection was offered by wardens and the people 
themselves. It is possible that, when the antelope were at their lowest ebb, 
coyotes (Canis latrans texensis) and golden eagles (Aquila chrysaztos 
canadensis) helped to keep the numbers down by preying on young fawns. 
Errington (1946) has shown that predators are usually not limiting factors 
to vertebrate population levels. While there is a correlation between the 
fairly recent increase in antelope in the Trans-Pecos Region and effective 
predator control by airplane, this circumstantial evidence in itself is not 
proof that the antelope increased because of predator control. The effect of 
illegal hunting by man cannot be measured, but probably it was severe 
enough to limit the population level. 


In recent years considerable losses of antelope have occurred on sheep 
ranches, as well as on ranches stocked with both sheep and cattle. During 
the period from 1935 to 1940, sheep increased in the Highland Soil Con- 
servation District, which includes Presidio County and part of Jeff Davis 
County, from 1,105 to 27,820 head; and during the next five years to 122,979 
head. Antelope are unable to withstand the severe competition from sheep 
and therefore die. 
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The Physical Environment 
CLIMATE 


The following discussion of climate is based on information obtained 
from Carter (1928), Cottle (1931), Mitchell (1947), Moore (1941) and 
Warnock (1946), and personal observations recorded during the period of 
field study. 


The climate over the Trans-Pecos Region as a whole is characterized by 
the scant precipitation, rapid evaporation, moderate winters, mild summers, 
and a large proportion of bright sunny days. High temperatures during 
summer days are rapidly dissipated in the evening through the influence of 
the high elevations, and cool nights bring pleasant relief. Wéinters are 
relatively short and cool, with occasional cold periods during ‘“northers” 
which bring cold north winds and frequently rain or snow. Some years ate 
marked with exceptional snowfall, occurring mostly in January. In 1943 
about 12 inches of snow were recorded for the Alpine region, 32 inches in 
1946, and 13 inches in January and March 1947. Strong westerly winds 
w.th occasional dust storms are common in March and early April. 


Rainfall is the most-variable climatic factor and it, rather than the length 
of the growing season, determines the amount of plant growth. Except in 
the mountainous areas, where rainfall is a few inches greater than on the 
surrounding flats, precipitation decreases from east to west. At Fort Stock- 
ton in the east the annual rainfall is about 15 inches, while at El Paso it is 
only about 9 inches. Alpine, located at the southern extension of the Davis 
Mountains in the central portion of the Trans-Pecos Region, receives atout 
14.5 inches average annual precipitation. In the Big Bend region, south of 
Alpine and Marathon, precipitation drops to about 10 inches, except in the 
high Chisos Mountains range. North of the Davis Mountains also, in the 
vicinity of Pecos, the mean rainfall is only about 10 inches. Higher precipi- 
tation in the mountainous areas is shown by records at the MacDonald Ob- 
servatory on Mount Locke, in the Davis Mountains, where about 20 inches 
are recorded. Fluctuations in precipitation are great from year to year. 
Over an 18-year period from 1929 to 1946, the average annual rainfall at 
Marfa, Texas, was 15 inches, varying from 8 inches during the drought in 
1934 to a high of nearly 27 inches in 1941. Droughts of short duration 
eccur frequently, while prolonged ones are expected every 10 to 15 years. 


The effectiveness of the rainfall, about two-thir’s of which occurs from 
July to October, is modified by its torrential nature, excessive runoff on 
overgrazed ranges, and extremely high evaporation rate. Summer rains 
consist of sudden local thunderstorms, covering only limited areas at one 
time. Occasionally heavy generalized rains fall in April or early May, but 
spring showers are usually light and ineffective. The intensive summer rains 
fall upon the range after it has been grazed for 8 to 10 months, when the 
least vegetation is present on the range tc protect the soil. Excessive 
amounts of soil are carried away by the rushing waters in both sheet erosion 
and gully erosion. Arroyos often have their beginnings in cattle trails and 
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ranch roads. Gully erosion is so severe on overgrazed ranges that spreader 
dams are now in general use tc spread the water over a wider area and 
reduce soil loss. It is evident from the lack of spreader dams on the con- 
servatively grazed Petan Ranch, 30 miles southwest of Marfa, that over- 
grazing is responsible for severe erosion, with resulting loss of both water 
and soil. Of course much water is also lost through evaporation. From an 
open pan at Balmorhea, the evaporation is about 63 inches annually. Evap- 
oration is intensified by high winds in March and April at a time when 
rainfall is light and temperatures are favorable for renewed plant growth. 
The unfavorable complex of low rainfall, high evaporation, torrential rains, 
and severe runoff makes it necessary to manage range lands to conserve as 
much moisture as possible. This can be accomplished through maintaining 
a good cover of grass on the range. 


Temperature is less variable than rainfall, averaging about 64° F annually 
over the entire region. Mean summer temperatures vary from 75° to 83°, 
but temperatures from 90° to 95° are comon, reaching 100° or 105° on 
exceptionally warm days. Fort Stockton has a record summer temperature 
of 114° in June. Throughout the season mirages caused by intense heat 
and light rays are common and small whirlwinds constantly play over the 
broad flats. Winter temperatures average about 30° at night and 60 
during the day, with periodic cold spells when the diurnal temperature may 
be about 45° or lower. Record cold temperature of —9° have been re- 
corded at Balmorhea; in January 1947, —10° was recorded at the Marfa 
Army Air Field, 9 miles east of Marfa. 


The average frost-free season is from March 29 to October 26, but the 
growing season conforms more closely to the summer rainy season than 
the frost-free season. 


The foregoing account shows the semiarid characteristics of the climate 
and the severe complex of ecological conditions under which the vegetation 
and animal life must develop and maintain itself in the Trans-Pecos Region. 
Excessive overgrazing throughout the region, particularly by sheep, intensifies 
the unfavorable aspects of the climate for plant growth. 


PHYSIOGRAPHY 


The Trans-Pecos Region, comprising 31,392 square miles or 20,090,8&0 
acres, lies approximately between 102° and 107° west longitude and be- 
tween 29° and 32° north latitude. Two physiographic subdivisions are 
recognized in the region (Carter 1928): (1) The Edwards Plateau, locally 
known as the Stockton Plateau, and (2) the Mountains and Basins Area. 
The Stockton Plateau is the western extension of the Edwards Plateau of 
central Texas across the Pecos River, reaching nearly to Fort Stockton and 
bounzed on the west by the Glass Mountains, the Marathon Basin, and 
the Stillwell Basin. The Edwards geological formation which makes up 
most of the Plateau consists of limestone deposits, in contrast to the 
igneous formations of the Davis Mountains area farther west. On the 
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western edge of the Plateau, the Glass Mountains form the largest limestone 
mountains in the region (King and King 1930). These mountains lie 
almost at a right angle to the trend of the principal mountain ridges. 


The Mountains and Basins Area consists of two main belts of northwest- 
southeast ranges of mountains, differing in clearness of definition and extent, 
and three accompanying lowland belts of basins and low plateaus. From 
north to south, the easternmost ridge consists of the Guadalupe Mountains; 
the Davis Mountains, with their extension south of Alpine, known as the 
Del Norte; the Santiago; and the Sierra Del Carmen Mountains. The 
second ridge consists of the Diablo Plateau, Hueco Mountains, and Sierra 
Diablo Mountains, succeeded southward by the Van Horn, Tierra Vieja, 
Chinati, Bofecillos, and Chisos Mountains. Immediately south of the Diablo 
Plateau, in the vicinity of Sierra Blanca and Van Horn, are a number of 
isolated hills and short ranges known as the Van Horn, Quitman, Eagle, 
Carrizo, Beach, Baylor, and Sierra Blanca Mountains. A third ridge con- 
sists of the southern tip of the Franklin Mountains, at the southern end 


of which lies the city of El Paso. 


The easternmost lowland belt consists of the Pecos Plain, constituting its 
largest area; the Marathon Basin, separated from the Pecos Plain by the 
Glass Mountains; the Maravillas Valley lowland; and the Stillwell Basin. 
The second basin belt consists of the Salt Basin at its northern end, the 
Valentine Basin, Marfa Plateau, Alamito Valley, Green Valley Basin, anc 
the less-distinctly defined Big Bend Basin. In its southern portion, this 
basin belt is interrupted by many small plateaus and rolling hills. Beginning 
with the Hueco Bolson, lying immediately east of El Paso, the third basin 
belt follows the Rio Grande. 


The Davis Mountains form the largest mass of igneous rock, mainly of 
volcanic origin. Toward the south, the Tierra Vieja, Chinati, Bofecillos, 
and Chisos Mountains are also mostly igneous. Elsewhere in the region, 
the mountains and hills are underlain mainly by limestones, with some old 
metamorphic rocks in the short ranges in the vicinity of Sierra Blanca and 


Van Horn. 


The flat basin areas separating the mountain-ridge belts have a desert 
type of surface relief, the basin floors consisting of sediments eroded from 
the surrounding mountains. The desert basins of the southwestern United 
States reach their eastern limits in the Trans-Pecos Region. Where a filling 
of coarse material has been made, the slopes of the basins are comparatively 
steep along the bases of the mountains, but rather gentle where the materials 
are fine grained. In some areas these slopes are covered with desert-scrub 
vegetation, while the main floors of the basins are covered with grass. 


SoILs 


The soils of the basins and plains are subdivided into three series, desig- 
nated as very light brown (Reeves), light brown (Reagan), and reddish 
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brown (Verhalen). For the most part they have deep surface soils and 
subsoils resting on beds of hard or soft caliche (calcium carbonate) and 
rounded gravel (Carter 1928). In some places the soils are shallow and 
contain large quantities of gravel and caliche fragments. The texture of 
the surface soils ranges from fine sand to clay, though silty clay loam 
predominates. 


The Reeves soils are dominated mainly by desert-scrub vegetation de- 
veloped under low rainfall and overgrazing. This soil series occupies large 
areas in the Hueco Bolson, the lower parts of the Diablo Plateau in northern 
Hudspeth County, the Culberson Plateau, the Salt Basin, the Pecos Plain, 
the Sierra Blanca and Valentine Basins, and the lower parts of the Edwards 
Plateau. As a group the Reeves soils are low in productivity. 


The Reagan soils are slightly darker than the Reeves soils, with more 
organic matter and higher fertility. Normal soils in this group are deeper, 
more developed, and bear grass vegetation rather than desert scrub. Reagan 
soils are not extensive in the region, occurring principally on flats in the 
vicinity of mountain areas. The Diablo Plateau and the basins of the 
Davis Mountains are characterized by Reagan soils. They are among the 
best soils in the region and are important in several antelope habitats. 

The third basin group of soils is the Verhalen, consisting of chocolate- 
brown or reddish-brown clays resting on hard white caliche at a depth of 
5 to 10 feet. Large areas of Verhalen clay are found in the Pecos Basin 
north of the Davis Mountains. One area extending between Valentine and 
Van Horn occupies a large part of the Valentine Basin. Large bodies of 
this soil are covered with tobosa grass, giving rise to the name “tobosa 
flats.” Verhalen clay loam is found in large areas in the Marathon Basin; 
the sandy-loam series is found in the western part of Hueco Bolson and 
on the Diablo Plateau. Soils of this group are quite productive, but they 
have been abused through overgrazing. 


The soils of the alluvial valleys are represented by the following soil 
series: Toyah, in the valleys of the Davis Mountains; Rio Grande, Gila, and 
Anthony along the Rio Grande; and the undifferentiated alluvial soils along 
the Pecos River. Of these series, only the Toyah soils are of value to 
antelope. The dark-colored Toyah soils are confined to alluvium along 
small streams originating in the igneous mountain areas and in the larger 
basins along streams. Antelope are found where the Toyah soils occur in 
the basins immediately north and east of Alpine. 


The soils of the rough highlands and rolling hills are divided into two 
series, Ector and Brewster, the former being derived from limestone and 
the latter from igneous rock. A large proportion of the Trans-Pecos Region 
is covered by these shallow and undeveloped soils. The Brewster series, 
particularly the stony loam, is much more productive than the Ector 
series and is highly prized as cattle range. [Ector soils are divided into 
stony loam, gravelly loam, and rough stony land; Brewster soils are divided 
into stony loam and rough stony land. Of these series, only the Brewster 
stony loam is valuable to antelope at the present time. 
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WATER 


Before the coming of white man in western Texas, antelope probably 
depended upon streams, springs, and rain for their water supply. Streams 
were more permanent in the early days, according to Havard (1885) and 
Nealley (1888) who wrote that Limpia Creek, in the Davis Mountains, and 
the brooks emptying into it were clear, swift, and running even in June. 
Springs were numerous in the mountains; a few large springs, such as Leon 
Springs, Comanche Springs at Fort Stockton, Kokernot Springs at Alpine, 
and Phantom Springs near Balmorhea, were scattered in flat areas. On the 
heavy Verhalen clay soils evidences of old lake beds are still visible. Here 
the storm waters collected and served the needs of buffalo and antelope 
during part of the year. 


At the present time ranches in the region are adequately watered by 
windmills, gasoline-engine pumps supplying long pipe lines to various parts 
of the ranches, and earth tanks constructed to catch and hold rain water. 
Antelope now utilize stock water, eliminating the necessity of traveling 
great distances to drink. 


The Biotic Environment 
Biotic COMMUNITIES 


The following discussion is based on the hierarchy of community defini- 
tions given by Dice (1943). A biotic province covers a considerable and 
centinuous geographical area and is characterized by the occurrence of one 
or more important ecologic associations that differ, at least in proportional 
area covered, from the associations of adjacent provinces. A biotic district 
is a subdivision covering a definite and continuous part of the geographic 
area of a biotic province. A life belt is a vertical subdivision of a biotic 
province. In the present paper the life belt is given the same rank as a 
biotic district. It may not be continuous, but it occurs within one biotic 
province in different areas under the proper conditions of altitude, slope, and 
exposure. An ecologic association is any ecologically uniform and relatively 
stable community below the rank of life belt and biotic district. 


The Trans-Pecos Region may be divided into the following biotic com- 
munities (Fig. 2): 


I. Southern Rocky Mountains Biotic 2. Brewster Hills Association 
Province 3. Marfa Flat Association 
A. Pine-Oak Life Belt 4. Toyah Flat Association 
1. Mountain Riparian Association 5. Tobosa Flat Association 
II. Navahonian Biotic Province 6. Hudspeth Association 
A. Pifion-Juniper Life Bele B. Desert Scrub Biotic District 
B. Oak-Juniper Life Belt 1. Mixed Scrub Association 
IIT. Chihuahuan Biotic Province 2. Sotol-Lechuguilla Association 
A. Desert Grassland Biotic District 3. Creosote Association 


1. Rolling Hills Association 4. Mesquite-Sage Association 
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SOUTHERN Rocky Mountains Biotic PROVINCE 


The Southern Rocky Mountains Biotic Province is found at the highest 
elevations of the Guadalupe Mountains, which extend from New Mexico 
across the border into northern Culberson County, on the higher parts of 
the Sierra Diablo range, at the top of Mount Livermore in the Davis Moun- 
tains, and some of the highest portions of the Chisos Mountains. Blair 
(1940), Davis and Robertson (1944), and Hinckley (1944) have made 
studies in this province. The botanical nomenclature used here follows 
that of Kearney and Peebles (1942) and Sperry and Warnock (1941). 
The Pine-Oak Life Belt is characterized by western yellow pine (Pinus 
ponderosa), limber pine (Pinus flexilis), Douglas fir (Pseudotsuga taxi- 
folia), chinquapin oak (Quercus muhlenbergii), buckthorn (Rhamnus purshi- 
ana var. betulaefolia), quaking aspen (Populus tremuloides), and mountain 
snowberry (Symphoricarpos oreophilus). Douglas fir, an important dominant 
of this life belt, was not found by Hinckley on Mount Livermore in the 
Davis Mountains. It does occur in the Guadalupe and the Chisos Moun- 
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Fig. 2.—Principal biotic areas of the Trans-Pecos Region. 


Important breeding birds in this life belt, as given by Davis and Rob- 
ertson (1944), include the sharp-shinned hawk (Accipiter velox), hairy 
woodpecker (Dryobates villosus), Steller jay (Cyanocitta stelleri), mountain 
chickadee (Penthestes gambeli), pygmy nuthatch (Sitta pygmaea), creeper 
(Certhia americana), hermit thrush (Hylocichla guttata), robin (Turdus 
migratorius), Audubon warbler (Dendroica auduboni), western tanager 
(Piranga ludoviciana), pine siskin (Spinus pinus), red crossbill (Loxia 
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curvirostra), gray-headed junco (Junco caniceps), and spotted towhee 
(Pipilo maculatus). 


The mammalian associates given by Davis and Robertson (1944) include 
the common brown bat (Eptesicus fuscus), lump-nosed bat (Corynorhinus 
rafinesquii), black bear (Ursus americanus amblyceps), bobcat (Lynx rufus 
baileyi), mountain lion (Felis concolor stanleyana), chipmunk (Eutamias 
cinereicollis caniceps), western pocket gopher (Thomomys bottae), and 
Mexican wood rat (Neotoma mexicana mexicana). Elk (Cervus merriami) 
was reported in the Guadalupe Mountains in the late 1800's, but is now 
lacking in the region. The Canadian elk (C. canadensis) has been intro- 
duced on some ranches (Taylor and Davis 1947). The Texas bighorn 
(Ovis canadensis texianus) is now confined to a limited area in the Sierra 


Diablo range. 
MOUNTAIN RIPARIAN ASSOCIATION 


The Mountain Riparian Association is restricted to the larger canyons 
of the mountains. Conspicuous plants are mountain cottonwood (Populus 
angustifolia), sandbar willow (Salix exigua var. steophylla), gray oak (Quer- 
cus grisea), mountain maple (Acer grandidentatum), ash (Fraxinus stand- 
leyi var. lasia), and Texas madrone (Arbutus texana). Among the breed- 
ing birds the predominant species are the yellow-billed cuckoo (Coccyzus 
americanus), western flycatcher (Empidonax difficilis), western wood pewee 
(Myiochanes richardsoni), western warbling vireo (Vireo gilvus swainsoni), 
and hepatic tanager (Piranga flava hepatica). Mammals found in the 
association include the large striped skunk (Mephitis mephitis varians), 
hog-nosed skunk (Conepatus mesoleucus mearnsi), chipmunk, and white- 
footed mouse (Peromyscus boylii rowleyi). The broken topography of this 


province probably accounts for the absence of pronghorns. 


NAVAHONIAN BroTIC PROVINCE 


The Navahonian Biotic Province is of considerable value as antelope 
range at the present time, though it may not have been used extensively 
before civilization came to the area. 


PINON-JUNIPER LIFE BELT 


Least in importance of the two life belts is the Pifion-Juniper. Prong- 
horns are found here only on the slopes and flats of the Davis Mountains 
on the Eppenauer Ranch, at the foot of Mount Locke where the MacDonald 
Observatory is located, and the U Up and Down Ranch, 5 miles southeast 
of the Observatory. Both ranches were artificially stocked, but it is likely 
that in former times antelope ranged to grassland areas of these higher 
elevations. The dominant plants are pifion pine (Pinus cembroides), alli- 
gator juniper (Juniperus pachyphloea), gray oak (Quercus grisea), Emory 
oak (Q. emoryi), mountain grass (Elyoneuris barbiculmis), and hairy grama 
(Bouteloua hirsuta). The vegetation of this life belt varies considerably 
from dense woodland on north slopes to open woodland savannas on the 
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south and east slopes. Little bluestem (Andropogon scoparius), and feather 
bluestem (A. barbinodis), at one time probably dominants in the com- 
munity, have been largely eliminated through overgrazing. Important forbs 
are Acalypha lindheimeri, Brickellia grandiflora, sagebrush (Artemisia mexi- 
cana), widow’s tears (Commelina crispa), Thelypodium micranthum, and 
Viguiera cordifolia. Grasses form a conspicuous ground cover beneath the 
trees and on open slopes. In addition to the dominants, common grasses 
are blue grama (Bouteloua gracilis), June grass (Koeleria cristata), fall 
witch grass (Leptoloma cognatum), wolf tail (Lycurus phleoides), various 
species of Muhlenbergia, and Grisebach bristlegrass (Setaria grisebachii). 


Amozg the conspicuous bree<ing birds are the jay (A phelocoma coerul- 
escens), curve-billed thrasher (Toxostoma curvirostra), gray vireo (Vireo 
vicinior), brown towhee (Pipilo fuscus), and black-chinned sparrow (Spizella 
atrogularis scotti). Characteristic mammals include the Texas antelope 
ground squirrel (Citellus interpres), white-footed mouse (Peromyscus leuco- 
pus tornillo), mountain cottontail (Sylvilagus robustus), Texas jack rabbit 
(Lepus californicus texianus), and white-tailed deer (Odocoileus virgin anus). 


OAK-JUNIPER LITE BELT 


The Oak-Juniper Life Belt (Fig. 3) is found at lower elevations than 
the Pifion-Juniper. Roughly, the former occurs at elevations from about 
4,500 to 5,500 feet; the latter from 5,500 to 7,500 feet. Pifion pine is 


Fig. 3.—Oak-Juniper Life Belt, a woodland habitat commonly used by antelope under 
present range conditions. Gage Estate, 10 miles west of Alpine. May 17, 1947. 
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absent from the lower life belt, and alligator juniper is replaced by one- 
seeded juniper (Juniperus monosperma). The one-seeded juniper is spread- 
ing to adjacent open grassland through overgrazing. Gray oak and Emory 
oak are the dominant oaks. In some moist canyons Chisos red oak (Quercus 
gravesii) is locally dominant. On north slopes the woodland is most dense, 
particularly in canyons; south and east slopes of hills may have only a few 
scattered trees. The high:r mesas may be completely covered by oak- 
juniper vegetation. The landscape is open and parklike, consisting essen- 
tially of grassland with varying densities of juniper and oak, the trees being 
scattered on the lower slopes and moderately dense on higher hills of rough 
stony soil. Oaks are most dense in the larger draws and canyons. Grasses 
on the slopes consist of Muhlenbergia spp., mountain grass, hairy grama, 
side-oats grama (Bouteloua curtipendula), woolly-spiked grama, (B. chon- 
drosioides), feather bluestem and fall witch grass. In this community, com- 
men forbs utilized by antelope include: Acalypha lindheimeri, Achyranthes 
repens, cutleaf daisy (Aplopappus spinulosus), sage, Berlandiera lyrata, 
widow’s tears, hoary bindweed (Convolvulus incanus), Dalea pogonanthera, 
Dalea wrightii, prairie mimosa (Desmanthus cooleyi), Dichondra brachy- 
poda, fleabane (Erigeron divergens and E. nudiflorus), wild buckwheat 
(Eriogonum tenellum), Eryngium heterophyllum, Evolvulus pilosus, Gaura 
coccinea, narrow-leafed houstonia (Houstonia angustifolia), puccoon (Lithos- 
permum incisum), deervetch (Lotus oroboides), evening primrose (Ocenoth- 
era brachycarpa var. wrightii), Oxalis albicans, Phyllanthus polygonoides, 
rosarybean (Rhynchosia texana), Sida neomexicana, Siphonoglossa_ pilosella, 
Tragia stylaris, puncture plant (Tribulus terrestris), and Zinnia grandiflora. 
Ferns are common on north slopes, including the genera Palea, Notholaena, 
and Cheilanthes. Resurrection plant (Selaginella pilifera) is abundant on 
rocky exposures. Browse species of food value to the pronghorn are Bou- 
vardia ternifolia, virgin’s bower (Clematis drummondii), Dalea frutescens, 
apache plume (Fallugia paradoxa), prickly pear (Opuntia macrocentra), 
gtay oak, Emory oak, mimosa (Mimosa biuncifera), and woolly senecio 
(Senecio longilobus). In the draws, hackberry (Celtis reticulata), Cologonia 
angustifolia, C. pulchella, and Mexican walnut (Juglans rupestris) are im- 


portant foods for antelope. 


Common birds include those above-listed for the Pifion-Juniper Life Belt, 
with the following additions: Western mourning dove (Zenaidura macroura 
marginella), western mocking bird (Mimus polyglottus leucopterus), Texas 
night hawk (Chordeiles acutipennis texensis), Arkansas kingbird (Tyrannus 
verticalis), and bush-tit (Psaltriparus minimus). Mammals include those 
of the Pifion-Juniper as well as the raccoon (Procyon lotor), ringtail cat 
(Bassariscus astutus flavus), plains skunk, hog-nosed skunk, New Mexican 
cottontail (Sylvilagus auduboni neomexicanus), rock squirrel (Citellus varie- 
gatus grammurus), and mule deer (Odocoileus hemionus canus). 


Antelope are numerous in the Oak-Juniper Life Belt in various parts of 
the Davis Mountains. Although the pronghorn ranges in the woodland 
only to a limited extent, this type of habitat is equally, if not more, im- 
portant to the animal than the large Desert Scrub Biotic District. 
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CHIHUAHUAN BrIoTIc PROVINCE 


Except for the higher elevations of the mountain ranges, all of the 
Trans-Pecos Region falls into this province. Somewhat less than half of 
the province consists of grassland; the larger part is desert scrub. 


DESERT GRASSLAND BIOTIC DISTRICT 


The Desert Grassland Biotic District is found on the better soils of the 
region, particularly where the rainfall is about 10 to 17 inches. Rainfall of 
6 to 8 inches is usually inadequate for grassland, producing instead a desert- 
scrub type of vegetation. In the mountains where the rainfall is 17 inches 
or more, the moisture is sufficient to produce woodlands. Since the introduc- 
tion of the livestock industry, much former grassland has been invaded by 
desert scrub. The poorer soils of the Reeves series and drier sites were 
invaded first, since the vegetation was unable to withstand as much grazing 
pressure as that of the better sites. As a result, perhaps 30 to 40 percent 
of former grassland in the region is now covered by desert scrub which 
greatly reduces the value of the land for livestock grazing and renders the 
area unsuitable for antelope, except on a few cattle ranches in the Mixed 


Scrub Association (See p. 281). 


In general the birds and mammals range throughout the six ecologic 
associations of the Desert Grassland Biotic District. Characteristic birds 
include the turkey vulture (Cathartes aura aura), Swainson hawk (Buteo 
swainsoni), sparrow hawk (Falco sparverius), scaled quail (Callipepla 
squamata), western mourning dove, roadrunner (Geoccocyx californianus), 
horned lark (Otocoris alpestris), white-necked raven (Corvus cryptoleucus), 
western meadow lark (Sturnella neglecta), Lillian meadowlark (Sturnella 
magna lilianae) (Van Tyne and Sutton 1937), sonoran shrike (Lanius 
ludovicianus sonoriensis), and Cassin sparrow (Aimophila cassini). Among 
the prevalent mammals are the badger (Taxidea taxus berlandieri), ground 
squirrel (Citellus spilosoma), prairie dog (Cynomys ludovicianus arizonen- 
sis), pocket gopher (Thomomys bottae), kangaroo rat (Dipodomys spec- 
tabilis), Merriam pocket mouse (Perognathus merriami gilvus), deer mouse 
(Peromyscus maniculatus blandus), Texas jack rabbit, least cottontail 
(Sylvilagus auduboni minor), and prong-horned antelope. Coyotes (Canis 
latrans texensis), at one time common, have been largely killed out in 
predator-control operations. 


Rolling Hills Association This association (Fig. 4) is most typical on 
limestone soils on the Presidio Plateau southw-st of Marfa. Plant composi- 
tion varies considerably, black grama being dominant in local areas on some 
sites, blue grama and Wright three-awn (Aristida wrightti) over the area in 
general, hairy grama on slopes of moderate degree along with side-oats grama 
and, in some places, feather bluestem. Mountain grass is abundant on steep 
slopes. Sacahuista or bear grass (Noiina texana) is conspicuous all over 
the hills, giving, together with Wright three-awn, a characteristic appearance 
to the vegetation. Poverty three-awn (Aristida divaricata) and little blue- 
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Fig. 4.—Rolling Hills Association. Excellent antelope range. Petan Ranch, 
30 miles south of Marfa. April 18, 1947. 


stem ate occasionally abundant. Mesquite grass (Hilaria belangeri) is 
dominant on flats in draws. Among the forbs, the following are abun“ant 
and important: Stemmed bitterweed (Actinca scaposa var. l'nearis), cutleaf 
daisy, Aster leucelene, Berlandiera lyrata, goatweed (Croton corymbulosus), 
prairie mimosa, Dyschoriste linearis, fleabane, wild buckwheat (Eriogonum 
tenellum), Gaura coccinea, Gilia rigidula, broomweed (Gutierrezia micro- 
cephala), bladder pod (Lesquerella argyrea), puccoon, paper flower (Psilo- 
strophe tagetinae), and red mallow (Sphaeralcea cocc:nea). Common shrubby 
plants include Mexican tea (Ephedra tr.furca), allthorn (Koeberlinia spin- 
osa), javelina bush (Microrhamnus ericoides), prickly pear (Opuntia engel- 
mannia), woolly senecio, and yucca (Yucca elata ard Y. torreyi). Juniper 
(Juniperus monosperma) and oak (Quercus grisea and Q. emoryi) are 


found in the heads of the larger draws. 


This ecologic association is one of the most suitable for the pronghorn, 
and is moderately well stocked at the present time. 


Brewster Hills Assoctation—On the rolling foothills of the Davis Moun- 
tains, where the soil is derived from volcanic rock, this association occupies 
an important part of the antelope range, particularly in the vicinity of 
Alpine (Fig. 5). The community is developed on Brewster stony loam soil, 
and is now represented by a seral stage, two stages or so below the climax. 


Hairy grama, side-oats grama, black grama (Bouteloua eriopoda), 
woolly-spiked grama, and fall witch grass are the dominant grasses. Hairy 
triodia (Triodia pilosa) is common, especially on heavily overgrazed sites. 
Feather bluestem and little bluestem, formerly dominant species, are now 
scarce as a result of overgrazing. Poverty three-awn, Wright three-awn, and 
purple three-awn (Aristida purpurea) are common. Forbs occurring in 
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abundance include stemmed bitterweed, cutleaf daisy, sage, Aster leucelene, 
Berlandiera lyrata, goatweed (Croton corymbulosus and C. neomexicana), 
Dalea polygonanthera, D. Jamesii, D. wrightii, prairie mimosa, Dyschoriste 
linearis, Dyssodia pentachaeta, fleabane (Erigeron divergens and E. mudi- 
florus), wild buckwheat (Eriogonum tenellum), Gaura coccinea, Gilia 
rigidula, stickleaf (Mentzelia multiflora), deervetch, evening primrose 
(Ocnothera brachypoda var. wrightii and O. greggii), paper flower, Pinaro- 
pappus roseus, Phyllanthus polygonoides, Polygala scoparioides, Sida pro- 
cumbens, Simsia calva, Siphonoglossa philosella, red mallow, Thamnosma 
texana, and Zinnia grandiflora. Browse species are represented by lotebush 
(Condalia lycioides), Dalea frutescens, Krameria grayi, javelina bush, and 
woolly senecio. Sacahuiste and yucca are also abundant. 


Marfa Flat Association—Blue grama is the dominant grass of this 
association, together with three-awn grasses, including purple, poverty, and 
Wright three-awns (Fig. 6). The area involved includes much of the 
vicinity of Marfa, particularly the Marfa Plateau, and much of the Marathon 
Basin. Black grama is dominant locally on drier sites of gentle slope and 
thin soil. Side-oats grama and feather bluestem, at one time among the 
dominants, have been greatly reduced through overgrazing. Two forbs, cut- 
leaf daisy and paper flower, are dominants on much of the heavily over- 
grazed land. Both species provide good food for antelope, especially during 
the winter. Other valuable weeds are Aster leucelene, Berlandiera lyrata, 
prairie mimosa, Dyschoriste linearis, Gaura coccinea, broomweed (Gutierrezia 


Fig. 5.—Brewster Hills Association. Excellent antelope range. Kokernot 
Ranch, 7 miles east of Alpine. August 27, 1947. 
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Fig. 6.—Marfa Flat Association. Antelope retire from this range to the hills in the 
background during adverse winter weather. Gage Estate, 9 miles east of Marfa. Sep- 
tember 28, 1946. 


microcephala and G. sphaerocephala), white daisy (Melampodium leucan- 


thum), Polygala scoparioides, coneflower (Ratibida columnaris), red mal- 


low, verbena (Verbena wrightti), and Zinnia grandiflora. Browse is provided 
by virgin’s bower, javelina bush, prickly pear (Opuntia engelmannia), cane 
cactus (O. imbricata), woolly senecio and Riddell groundsel (Senecio rid- 
dellit). Yuccas are abundant in the association, giving it a characteristic 
appearance. Cattle ranges in this association, even overgrazed ones, support 


good herds of antelope. 


Tobosa Flat Association —Tobosa flats are extensive in the Valentine 
Basin (Fig. 7); smaller areas include one in the vicinity of Balmorhea, a 
few near Alpine, and several in other parts of the Trans-Pecos Region. 
Because of the low productivity in forbs, the association does not support 
large populations of antelope, although some antelope are found on the 
broad flats near Valentine throughout most of the year. Since the Ver- 
halen clay soils are heavy and tight, little of the scanty rainfall is available 
for plant growth. Available water is taken up mostly by the deep-rooted 
heavy turfs of tobosa grass, leaving little for the growth of forbs. The 
dominant tobosa grass is interspersed with blue grama and burro grass 
(Scleropogon breviflorus). Forbs valuable as antelope food are cutleaf daisy, 
prairie mimosa, fleabane, wild buckwheat (Eriogonum abertianum and E. 
rotundifolium), blue weed (Hoffmanseggia densiflora), paper flower, cone- 
flower, and red mallow. Javelina bush, prickly pear, cane cactus, and woolly 
senecio provide browse. The conspicuous yuccas form thick groves in 
local areas. 


Hudspeth Association—The Hudspeth Association is found on the 
Diablo Plateau where an undulating topography prevails, with rolling hills 
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in places and broad flat areas in others. Large, broad draws are frequent. 
The association occurs on several soil types of the Reagan series, most ex- 
tensive of which are Reagan loam and Reagan fine sandy loam. The vegeta- 
tion is dominated by blue grama, black grama, burro grass, and tobosa 
grass; some three-awn grasses (mostly poverty, Wright, and purple) occur. 
Black grama dominates the sandy tops of broad mesas. As a result of over- 
grazing, burro grass and Muhlenbergia arenacea have encroached into large 
areas. Important forbs in this association consist of peavine (Astragalus 
emoryanus), Erodium texanum, bladder pod, peppergrass (Lepidium mon- 
tanum), Nama hispidum var. spathulatum, and Phacelia popei in the spring 
aspect of the vegetation; cutleaf daisy, Aster leucelene, A. tanacetifolius, 
prairie mimosa, wild buckwheat (Eriogonum abertianum and E. rotundi- 
folium), Euphorbia serpens, Gaura coccinea, broomweed, paper flower, red 
mallow, verbena, and Zinnia grandiflora at other seasons of the year. 
Among the browse species ‘are Mexican tea (Ephedra trifurca), winterfat 
(Eurotia lanata), Dalea frutescens, javelina bush, prickly pear, cane cactus, 
“ mesquite (Prosopis glandulosa), and woolly senecio. Although antelope 
were not observed feeding on winterfat, since the area was not frequented 
often enough by the writer, this species undoubtedly forms a staple food, 
especially in winter. The plant is one of the most-valuable native forage 
species for livestock also. 


Some areas ate conspicuously dotted with yucca; others have considerable 
encroachment of brush species varying from mixed desert scrub to the unpro- 
ductive creosote bush association on gentle slopes. 


he Fig. 7.—Tobosa Flat Association. Fair antelope habitat. 6 miles 
Is southeast of Valentine. August 28, 1947. 
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DESERT SCRUB BIOTIC DISTRICT 


Desert scrub covers considerably more than half the Chihuahuan Biotic 
Province, most of it constituting an invasion of shrubby plants over former 
grassland. Variation in the dominance of different brush species is consider- 
able; four ecologic associations are easily recognized. 


Birds are more numerous here than in the grassland province. Scaled quail 
and roadruners are abundant; other common birds include the turkey vulture, 
Texas nighthawk, Cassin kingbird (Tyrannus vociferans), western mourning 
dove, white-necked raven, sonoran shrike, western mockingbird, Texas pyr- 
thuloxia (Pyrrhuloxia sinuata sinuata), desert sparrow (Amphispiza bilineata 
deserticola), and Cassin sparrow. 


According to Davis & Robertson (1944), associated mammals include the 
little canyon bat (Fipistrellus hesperus maximum), pallid bat (Antrozous pal- 
lidus pallidus), coyote, badger, ground squirrel, banner-tailed kangaroo rat 
(Dipodomys spectabilis baileyi), Merriam kangaroo rat (D. merriami mer- 
riami), Ord kangaroo rat (D. ordi ordi), Arizona grasshopper mouse (Ony- 
chomys torridus torridus), Baird wood rat (Neotoma micropus canescens), 
Texas jack rabbit, and least cottontail. 


While some variation exists among the birds and mammals in the four 
desert-scrub associations, available information is insufficient for detailed dis- 
cussion. 


Fig. 8.—Mixed Scrub Association. This type of habitat supported about 500 
antelope in 1947. 11 miles east of Alpine. August 27, 1947. 
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Mixed Scrub Association.—This is the most productive of the desert-scrub 
associations (Fig. 8). Antelope are found in this community mostly on the 
E L Ranch near Fort Stockton, the West-Pyle Ranch northeast of Marathon, 
and the Stroud Ranch 20 miles northeast of Alpine. 


Blackbrush (Flourensia cernua) dominates the vegetation; catclaw (Acacia 
greggii), skunk bush (Berberis trilobata), lotebush, allthorn, creosote bush 
(Larrea divaricata), javelina bush, Parthenium lyratum, mesquite, and yuccas 
are common shrubs. Blue grama is dominant on the better-drained flat areas; 
on slopes hairy grama, black grama, hairy triodia, and side-oats grama are 
among the dominants, but are reduced on overgrazed ranges. Forbs utilized 
by antelope include stemmed bitterweed, Boerhaavia linearifolia, Dalea neo- 
mexicana, Dyssodia greggii, praitie mimosa, fleabane, Gaura coccinea, Gilia 
rigidula, broomweed, evening primrose (Oenothera greggit), Phyllanthus poly- 
gonoides, Polygala macrodenia, P. scoparioides, paper flower, Selloa glutinosa, 
Sida procumbens, and Verbena neomexicana. An abundance of browse is 
provided by catclaw, skunk bush, lote bush, Dalea frutescens, one-seeded juni- 
per, Menodora scabra, Parthenium lyratum, mesquite, and Viguiera stenoloba. 


Sotol-Lechuguilla Association —Warnock (1946), in his study of the vege- 
tation of the Glass Mountains, discusses this association in detail. The com- 
munity is confined to slopes above the Mixed Scrub Association; it occurs 
throughout much of the Trans-Pecos Region on limestone hills and mountain 
slopes where the soils are undeveloped accumulations of stony debris. The 


dominant plants are sotol (Dasylirion leiophyllum) and lechuguilla (Agave 
lechuguilla). Important subdominant associates include sacahuiste, cane cactus, 
ecotillo (Fouguieria splendens), and Yucca thompsoniana. Hairy grama, 
several kinds of three-awn grasses, and hairy triodia form a scanty cover of 
grass in the spaces between the dominants. Some of the characteristic forbs 
are false damiana (Chrysactinia mexicana), Dalea frutescens, D. neomexicana, 
Dyssodia greggii, Polygala macrodenia, and Stenandrium barbatum. 


Prong-horned antelope make use of this slope association in conjunction 


with the adjacent Mixed Scrub Associaticn. 


Creosote Association.—In its typical overgrazed form, with a pure stand 
of creosote bush and scarcely a blade of grass or a weed covering the ground, 
this association is practically worthless. The community occupies a consider- 
able area in the Trans-Pecos, occurring on the poorest scils and where the pre- 
cipitation is only 8 to 10 inches. Over broad areas of the Pecos Plain, the asso- 
ciation frequently alternates with the mixed scrub dominated by blackbrush. 
In other parts of the region it forins broad belts on gentle terraces at the bases 
of mountains. Where the runoff is less, as terraces blend into flat areas, the 
Mixed Scrub Association forms a wide belt reaching out on the flat. At the 
lowest elevation, where the soils are best developed and receive the runoff mois- 
ture, tobosa grass is often dominant. 


Although antelope may wander into this community briefly from adjoining 
associations, the vegetation is almost destitute of food plants, and, therefore, of 
little value to any animal. 
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Mesquite-Sage Association—Mesquite and sandsage (Artemisia fil:folia) 
are the controlling species. The association occurs on deep sandy soils and 
covers nearly all El Paso County; small! local distributions are found in the 
vicinity of the Salt Basin. It is rather unproductive, characterized by deep 
sand blows between the clumps of mesquite. Antelope do not occur in the 
association, at the present time. 


SUCCESSION 


It is evident, from the records of early writers (Emory 1857; Havard 1885; 
Nealley 1888; Smith 1899; and Bray 1901) and from relics of past vegetation, 
that profound changes have taken place in the vegetation and associated animal 
life since the white man first launched his influence on the land west of the 
Pecos River. Already by 1900 Bray (1901) states that certain plants, espe- 
cially grasses, were being exterminated, that woody vegetation was replacing 
grasses, and that the hill country was being denuded. The expanses of tobosa 
grass between Marfa and Valentine were at one time dominated by grama 
grasses according to Nealley (1888). Old-time residents recall that grasses 
were mowed for hay in the Big Bend Region in the early days; this indicates 
the presence of an abundance of bluestem grasses. Much of the same area was 
later covered with expanses of tobosa grass, and finally, this was replaced by a 
desert-scrub vegetation, dominated by blackbrush and creosote bush and with 
virtually nothing except bare grouid occupying the space between shrubs. The 
Trans-Pecos Region as a whole was badly overgrazed even before 1900; the 
destructive influence of overstocking is evident in the present-day vegetation, 
and over nearly all of the region, particularly on sheep ranches, the destruction 
of the vegetation continues today. 


In the following discussion, four stages (classified with respect to suitability 
for ruminants) in succession are recognized—excellent, good, fair, and poor. 
Insufficient information is available to include the birds and mammals in detail. 
In general, some of the rodents, jack rabbits, and many birds increase with over- 
grazing from excellent to fair condition. Jack rabbits and some birds are more 
abundant in mixed desert scrub than in grassland, but an invasion of brush 
makes the vegetation of less value to antelope. 


In the Rolling Hills and Brewster Hills associations, feather bluestem, 
little bluestem, and side-oats grama appear at one time to have been dominant, 
as evidenced by the abundance of these on the higher slopes that were little 
frequented by livestock. A number of forbs probably occurred along witl: 
these climax grasses; these may have included sage, various species of dalea, 
prairie mimosa, Gaura coccinea, deervetch, rosarybean, and Simsia calva. From 
this excellent, or climax, stage the vegetation was retarded through grazing to 
the good stage in which some bluestem remained, side-oats grama formed an 
important dominant, and hairy grama increased greatly. Heavy grazing further 
reduced the succession to the fair stage dominated by hairy grama, three-awn 
grasses, and black grama; the greater part of the hill associations is now in this 
stage. The poor stage is controlled by hairy triodia, fluff grass (Triodia pul- 
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chella), and poverty three-awn—vegetation unsuitable for antelope and of little 
economic value. 


That the Marfa Flat Association was at one time a climax of bluestems, 
side-oats grama, and blue grama (in bunch growth form) is apparent from the 
abundance of these grasses along highway lanes, railroad right-of-ways, and 
in more-or-less protected areas around shrubs on the open range. Most of the 
association today is in the fair stage of succession, with blue grama forming 
the dominant species in a short-turf type of growth form. Several kinds of 
three-awn grasses are closely associated with blue grama. Many forbs palatable 
to livestock and antelope, such as Dalea wrighti, prairie mimosa, Dyschoriste 
linearis, Engelmannia pinnatifida, alfilaria, Gaura coccinea, deervetch, Meno- 
dora scabra, evening primrose, coneflower, rosarybean, and Tetraclea coulteri, 
are eliminated from the higher stages of succession through livestock grazing. 
Cutleaf daisy and paper flower increase in the lower stages. Although of little 
value to livestock, these weeds provide valuable forage for pronghorns. In the 
poor stage these forbs are abundant along with scattered turfs of blue grama, 
Muhlenbergia arenacea, M. arenicola, and burro grass. In this condition the 
vegetation is scant, runoff is great, and the land has little economic value. 


The Tobosa Flat Association presents a rather-interesting series of succes- 
sional stages. As previously discussed, indications are that at one time blue- 
stems and tall blue grama controlled the vegetation. From this excellent stage, 
the vegetation retarded to a blue-grama-three-awn stage. The most-palatable 
forbs in the association were much the same as those in the Marfa Flat. From 
its source around old lake beds that hold water for several months foilowing 
heavy rains, tobosa grass spread over broad flat areas, forming the fair stage. 
It seems plausible that immense herds of buffalo and antelope grazed heavily 
around the water holes and were responsible for the nucle: from which the 
tobosa grass spread. During the long dry part of the year, tobosa is coarse, 
dry, and low in palatability; it was, therefore, avoided by game, thus permitting 
it to increase at the expense of palatable bluestems and blue grama. When the 
tobosa became green and palatable, following rainy seasons, rain water became 
available in draws at higher elevations and the game probably shifted to the 
hills, allowing this grass to produce good growth. Later livestock grazing pres- 
sure so reduced the grama grass that the tobosa spread rapidly on the tight 
clay soils. Sacaton, blue grama, and black grama provide most of the live- 
stock forage in the tobosa stage. Small amounts of burro grass are invariably 
associated with tobosa, and when the latter is eventually grazed out, solid 
stands of burro grass often take over the land, representing the fourth or poor 
stage. This grass is coarse and unpalatable to livestock and wildlife. 


Desert scrub invades the fair stage of the various grassland associations. 
The sotol-lechuguilla community spreads with excessive grazing on limestone 
hills. Mixed scrub, creosote bush, and mesquite associations invade grasslands 
of the basins. The extent, rapidity, and type of invasion depend upon local 


climatic conditions, soil type, slope gradient, exposure, and grazing pressure. 
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Systematics 


Final conclusion on the subspecific determination of the pronghorn antelope 
in the Trans-Pecos Region has not been reached in the present study. Three 
skins and five skulls collected in Texas were examined by Hartley H. T. Jack- 
son and William H. Stickel of the U. S. Fish and Wildlife Service. One of 
these, a young male from Presidio County, resembles A. a. mexicana in the 
shape of the orbit and A. a. americana in facial marking and mane; it may be 
considered an intergrade. The only other specimen from Presidio County, a 
female skull, shows no diagnostic characters. The remaining specimens are 
from Sterling County, on the Edwards Plateau east of the Pecos, and are 
referred to americana. 


It is the opinion of the writer that most of the anetlope west of the Pecos 
River are mexicana and that intergrades are not uncommon. The description 
of mexicana given by Merriam (1901) conforms with the Trans-Pecos antelope 
except for the length of mane, which appears to be longer than in the type 
specimens. An appreciable difference between northern specimens of americana 
and the southern antelope is apparent in the more-slender body form and 
lighter coloration of the latter. The body is less chunky; the snout longer and 
more slender in the southern form. 


Morphology 
SIZE AND WEIGHT 


A buck and doe both estimated to be approximately seven years old, taken 
& miles east of Marfa, Presidio County, had the following measurements: 
Total length each, 53 inches; height at shoulder, buck 36.3 inches, doe 34.5 
inches; tail each, 2.5 inches; hind foot each, 15.5 inches; ear, buck 6 inches, doe 
5.9 inches. The lengths of the hind foot and tail are smaller than those 
recorded for the species by Anthony (1928). These may te important sub- 
specific characters. 


The average weights of bucks and does in various age groups are presented 
in Table 1. These data are taken from files (Fisher 1941) of the Texas Game, 
Fish and Oyster Commission. As the figures show, there is a progressive in- 
crease in weight of both does and bucks as they advance in age. Does are 


TABLE 1.—Weight (pounds). 


1939 her 1940 

No. weighed Average weight No. weighed Average weight 
Doe Buck Age Doe Buck Doe Buck Age Doe Buck 

9 33 WY 57 58 

5 4 Wy 62 68 19 16 17) 62 63 

12 10 24 72 79 19 16 24 72 81 

+ + 3s, 75 83 25 22 3, 88 88 

l 2 44 78 92 37 37 HY, 91 92 


17 10 $+- 79 92 73 65 $+ 94 97 
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lighter than bucks in the same age classes. The weight of Trans-Pecos ante- 
lope is somewhat less than that of antelope further north. Adult bucks (114 
individuals) averaged 94 and does (128), 87 pounds (Anonymous 1945). In 
Oregon, according to Einarsen (1948), the average buck weighs 114 pounds 
and the average doe 92 pounds. 


SPECIAL DEVELOPMENTS 
HORNS 


The remarkable horns of the American antelope have been the subject of 
much discussion since the animal was first known. About the middle of the 
19th century, a heated discussion raged among biologists over horn shedding 
in the pronghorn antelope. As pointed out by Noback (1932), it was not 
until 1855 that the first published record of the fact that the pronghorn sheds 
its horns periodically appeared in the Proceedings of the London Zoological 
Society, in an article by C. A. Bartlett, Superintendent of the London Zoologi- 
cal Garden. One year later, in 1856, a description of the process of horn 
shedding in the pronghorn made by C. A. Canfield of Monterey, California in 
1848 was published by the Smithsonian Institute. Even today the fact that the 
pronghorn sheds its horns is not common knowledge among laymen. 

Horn shedding begins about the middle of October, approximately two 
weeks after completion of the breeding season. A buck that died October 19 
had loose horns that slipped off while the carcass was still warm. On October 
24, two bucks had already shed their horns when caught during trapping opera- 
tions; this was evident from the lack of the prong and the small, crimped tip of 
the horn. A buck fawn shed one of its 2-inch horns against the wire fence of 
the trap. Horn shedding is mostly completed. by the first week in November, 
few bucks being seen with fully developed horns after this time. On the Ist 
of November 12 bucks were caught ia a trap at one time; one of these had not 
shed its horns, one dropped its horns in the trap, and the remaining 10 had 
shed before entering the trap. Of 55 bucks observed throughout the day on 
November 7, on three different ranches, only 3 had not shed their horns. The 
latest record of a buck with old horns was made on November 26. Does are 
tardier in shedding horns. During trapping operations in December, does still 
in the process of shedding were not uncommon. One old doe, taken as a 
specimen for the University of Texas, on March 11, still retained the old horn 
fumly attached to the tip of the new horn. Fisher (1942) found an extreme 
example of this tendency among does to retain old horns in a doe trapped on 
january 5. Twisting the horn loose from the core revealed that it consisted of 
four horns, concentrically arranged. 

After shedding, mature bucks present a peculiar appearance with short, 
prongless horns about ear length. The prong is not evident in the field until 
the first week in December. Horn growth is rapid. In mid-December the 
horns of old bucks are & to 10 inches long and extend considerably beyond the 
ears; those of second-year males, 4 to 5 inches long and slightly shorter than 
the ears; those of yearling males about 2 inches long. By mid-March the horns 
of yearling bucks are about 4 inches long and still less than ear length; those of 
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two-year bucks, slightly longer than the ears; and those of older bucks have 
attained nearly full growth although they continue to grow until shedding time. 
While the horn growth of males correlates closely with age, that of females 
varies greatly. A 1.5-year-old pet on the Petan Ranch had horns 1.5 inches 
long, yet a lone, four-year doe in a small pasture at Lobo Switch, 12 miles south 
of Van Horn, showed no evidence of horns. Normally, the horns of the doe 
are 3 to 4 inches long when she is two years old. 


Eight different bucks with abnormal horns were observed during the present 
investigation. In most of these the horns were bent forward symmetrically, 
but two bucks had one horn bent to a greater degree than the other. The 
greatest degree of malformation was noted in an old buck with horns curved 
downward, the tips reaching the mouth. Although the horns interfered with 
vision slightly and also with comfort in feeding, the buck appeared healthy. 
Horn malformations were observed among does as well as bucks; forwardly 
bent horns were not uncommon. A study on the effects of castration on horn 
development in the American antelope (Pocock 1905) indicates that malforma- 
tion is closely linked with sex hormones. 


Bucks were frequently seen throughout the year rubbing their horns against 
shrubs, such as Mexican tea, juniper, javelina bush, sacahuiste, and yucca. In 
this manner they polished their horns, expressed their male nature, and perhaps 
relieved itching about the horns and below the ears. Does without horns some- 
times rubbed their faces over shrubs, apparently to relieve itching. The prac- 
tice of rubbing horns, at a minimum during the winter, reached a peak in early 
spring and again shortly before the breeding season. A pet buck was noted to 
rub his horns a few times on brush on each of several days of observation. 


SCENT GLANDS 


Beddard (1909) reported that the antelope has a scent gland on each foot 
between the toes, one on each side of the jaw, one on the back near the base 
of the tail, and one in each rump patch. Einarsen (1948) apparently failed to 
find external evidence of scent-producing glands ia the rosette. On two bucks 
and one doe, examined immediately following death, Pierce B. Uzzell, O. 
Frank Etheredge, and the writer found clearly visible scent glands in the rump 
patches. These glands were indicated by circular groups of pores covering 
areas about one inch in diameter. The animals had died following intense 
excitement, and a yellowish fluid exuding from the glands gave off a strong, 
musky odor. Under conditions of extreme agitation during trapping opera- 
tions, the strong antelope odor is penetrating to human nostrils. 


The scent glands on the rump and those on the feet seem to be used for 
intercommunication, mostly as a means of conveying warnings of danger. 
Seton (1937) believes that the glands on the jaw are related to sexual behavior, 
since they are largest in the buck and most active at rutting time. When pre- 
paring for intercourse, the buck approaches the female from the rear, waving his 
head slowly back and forth. This may be associated with scent given off from 
the glands in the jaw. 
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HAIR 


A vivid discussion of the pelage is given by Einarsen (1948). Each strand 
of hair is pithy, containing large air cells; the entire pelage serves as excellent 
insulation against extremes of both heat and cold. The underfur is scattering 
and of little significance as protection against extremes of temperature. To 
retain body heat the hairs are held smooth and flat against the skin; to cool the 
body they may be erected to allow free movement of air. 

The entire pelage is shed twice a year, once in the fall and again in late 
spring (McLean 1944). One buck was noted to shed its reddish-brown’ hair 
over a period of five weeks, beginning the last week in May and continuing 
through the month of June. The new coat of hair was considerably more 
grayish than the old. While the buck was in the process of shedding an accom- 
panying doe failed to shed, possibly because she had recently given birth to 
fawns and had required so much nourishment for producing and nursing the 
young. 

SENSE ORGANS 

The pronghorn has developed keen eyesight, unequaled perhaps in any 
other ruminant. The large eyes, set deep in protruding sockets on the sides 
of the head, apparently see as well as the human eye aided by powerful binocu- 
lars. Moreover, the antelope knows his home ranges so well that slight changes 
and unusual movements are quickly observed. Only with considerable difh- 
culty can man approach without being quickly detected. On one occasion a 
doe was startled by a cowboy nearly two miles away roping a steer while at 
the same time she was undisturbed by the writer standing only 100 feet from 
her. 

That the pronghorn depends more upon eyesight than scent to avoid danger 
is obvious from field observations, yet the sense of smell is also well-developed. 
On moonlight nights antelope were observed feeding upon forbs, selecting them 
rapidly from among the grasses. Placing the eye close to the ground, the writer 
could not distinguish the forbs among the grasses without the aid of a flash- 
light. Although the animals eyesight is certainly superior to that of man, it is 
probable that scent plays an important part in the selection of food at night. 
Antelope are trapped more easily when care is taken to avoid all fresh human 
odors near the mouth of the trap. 


ADAPTATION 


The striking disruptive color pattern of the pronghorn is remarkably well- 
adapted to various features of the desert habitat. Both sexes have a reddish- 
tan pelage with white on the sides, belly, breast, and rump. The white of the 
throat is traversed by two tawny bands. A biack mask starting at the nose is 
more extensive in the male than in the female; the male also has a large black 
spot under the ear which serves as an excellent sex-distinguishing character. 

On the Marfa Plateau and the Valentine Basin, widely spaced yuccas give 
the land a staked appearance. The lower leaves of these plants die and become 
light buff in color, providing perfect camouflage for antelope. 

Many parts of the body are particularly adapted for the amazing speeds 
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attained by this animal. The forefeet are larger than the hind feet, possibly 
as an adaptation to running over rough ground and because the forelegs carry 
the major portion of the weight while running. The trachea, lungs, and heart 
are large for the size of the animal in adaptation to high speeds and endurance 
in running. 
Life History 
The present discussion of life history in general follows the outline of 
Taylor (1930). 
YOuTH 
BIRTH 


Fawns were born from the first week in April to the latter part of May and 
possibly into the first week in June in the Trans-Pecos Region in 1947. This 
is 3 to 4 weeks earlier than in Oregon (Einarsen 1948). In South Texas 
fawning is somewhat earlier according to Lehmann & Fuller (1943) who wrote: 
“The first female definitely with fawn was observed February 23. Females 
with fawns were common by March 15.” 


Birth takes place in the normal reclining manner. Paul V. Jones, Biologist 
of the Texas Game, Fish and Oyster Commission and in charge of antelope 
work in the Panhandle Region, observed twin fawns born on April 3, 1947. 
The doe had been transported in January 1947 to the Panhandle from a ranch 
near Alpine. Birth occurred at 1:15 p.m. while the doe was lying with a group 
of nine other antelope in a gentle depression in the ground. Jones observed 
the doe making a series of forward hunching movements as if coughing vio- 
lently. After about a minute the doe got up, turned around, and smelled the 
fawn without licking it. She then walked over to the other antelope and lay 
down with them, only to get up again in five minutes to return to the fawn. 
At this point she assumed an extreme squatting position for about a minute 
during which she strained violently. After this she lay down in almost the 
exact position as when first observed, and within another 10 to 15 minutes the 
second fawn was born. Soon after, one of the fawns struggled to its feet, 
walked about three steps, fell forward, got up again immediately, and began 
nursing. The other antelope, 8 does and 1 buck, paid no attention to the birth. 


On the U Up and Down Ranch, 10 miles northwest of Fort Davis, twin 
fawns were observed from birth until they were 31 hours old and again for 
26.5 hours when they were one week old.* The two-year-old doe that gave 
birth to the fawns was raised as a pet along with a buck of the same age. These 
antelope roamed a pasture of about one square mile. Various types of topog- 
raphy were well represented in the area, including hills, draws, and a large flat. 
Vegetation varied from blue grama, with an abundant interspersion of forbs, to 
hackberry and oak in draws, and a wealth of forbs on slopes and hill tops. The 
doe and buck were observed feeding together for one week before separation 
took place on the day before the fawns were born. At that time the doe 
retired to a hilltop in the most-remote corner of the pasture from the ranch- 
house, the buck making no attempt to follow her. 


* A pair of twin fawns is shown in figs. 9, 11. 
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The next morning the doe grazed nervously, lying down more frequently 
than usual. During the morning she selected a place for birth of the fawns 
and lay down four different times. The location was a small, flat, grassy place 
a few square feet in extent at the brink of a steep, rocky draw. Birth took 
place about 1:30 p.m.; actual parturition was not observed. An interval of 
only 5 to 10 minutes occurred between the two births. Immediately after birth, 
the doe began licking the fawns, covering their entire bodies from nose to tail. 
A piece of umbilical cord about 5 to 6 inches long, hanging from one of the 
fawns, was bitten off and swallowed by the mother about 45 minutes after the 
birth. At about this time the doe completed discharge of the afterbirth which 
she promptly ate. 

The different biotic associations provide varying degrees of cover for birth 
and the limited activities of young antelope. Among the large brown and 
reddish volcanic rocks around Alpine and northwest of Marfa, fawns lying 
motionless are exceptionally difficult to spot. They are more easily seen on 
open grassy slopes in the Oak-Juniper Association, but have the advantage of 
oak and juniper trees for eluding enemies. In the Tobosa Flat Association, 
fawns can slink out of sight by crouching and iying down in the fairly tall 
tobosa grass. On properly grazed range in the Rolling Hills, tall bluestems 
and side-oats grama, as well as some of the tall three-awn grasses, provide hid- 
ing cover. Fawns are found lying out in the open on overgrazed ranges of the 
Marfa Flat, although even here they are difficult to see when they remain 
motionless. In this association, yuccas, javelina bush, and allthorn provide 
scattered cover. The Mixed Scrub Association offers much cover suitable for 
camouflage, hiding, and elusion tactics. 

In some areas, shifting of antelope to habitats affording better concealment 
for the young was observed in March previous to the fawning season. Thus 
they moved out of the large Marfa Flat Associations to adjacent rolling hills 
and to the Oak-Juniper Association at higher elevations where more cover was 
available. In other regions no such shifting occurs, the yearlong grazing range 
being also the fawning grounds, as in the Rolling Hills Association southwest 
of Marfa and the Brewster Hills Association in the vicinity of Alpine. 


NUMBER OF YOUNG 


The usual number of fawns per litter is two; single fawns are not uncom- 
mon, and occasionally three occur. Field observations in the present study and 
those of McLean (1944), indicate that the average is about 1.75. 


PROTECTIVE ADAPTATIONS 


When born, the fawns are grayish-brown in color and blend remarkably 
well with their surroundings. At 50 feet it is almost impossible to pick out a 
motionless fawn from surrounding rocks or vegetation. While the disruptive 
pattern of the adult is conspicuous, the white rump patch has a yellowish cast 
which helps camouflage the fawn. 

During the first few days of life, fawns are up and active only about 10% 
of the day, and are, therefore, difficult to locate. Also important in protection 
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are the lack of activity and the ability to remain motionless for long periods. 
Fawns often rest with their heads up, as do the adults; but with the approach 
of danger, they slowly stretch the head and neck flat on the ground. ( 

At birth fawns are usually dropped 100 feet or so apart, though they may | 
be born at the same spot. During nursing periods the fawn is nearly always = | 
moved to a new site at least a few hundred yards away. Fawns may nurse §& | 
separately or at the same time; after the first week, twins usually nurse together. § | 


GROWTH 


Fawns observed a few minutes after birth on the U Up and Down Ranch 
were very precocious, being born with eyes open and an immediate desire to 


stand and nurse (Fig. 9). They stood up and fell down frequently, and 


Fig. 9.—Doe fawn nursing about 35 minutes after birth. Note the fawn lying 
down in the foreground. U Up and Down Ranch, 10 miles northwest of Fort Davis. 
May 28, 1947. 


experienced some difficulty in finding the teats, searching all over the mother’s 
body at times. One of the fawns was a buck; the other a doe. Discrimination 
was easily possible by the larger size and the faint gray spot under the ear of 
the buck. No bumps were present on the head to indicate horn development. 
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From the beginning, the buck seemed stronger though both fawns gained 
strength rapidly. During the first three hours of life the doe nursed four 
times for a total of 1 minute and 10 seconds and the, buck eight times for a 
total of 6 minutes and 18 seconds. Both fawns stood frequently to nurse, 
sleeping surprisingly little. Between 6:30 and 7:00 p.m. the doe nursed eight 
times for a total of 4 minutes and 53 seconds; the buck five times for a total 
of 1 minute and 49 seconds. The mother moved the fawns about 600 feet at 
dusk, after which they bedded down for the night. Undoubtedly the fawns 
nursed at night, between 10:00 p.m. and 5:30 a.m., during which time no 
observations wete made. 

On the second day of their lives the fawns were active only nine percent of 
the time between 5:30 a.m. and 9:00 p.m. The buck nursed 30 times for a 
total of 22.6 minutes. During each feeding period the doe moved the fawns 
short distances, apparently as a protective measure against enemies. One fawn 
was fed between 7:30 and 8:00 a.m.; the other between 11:30 and 11:57 a.m.; 
both fed together from 1:42 to 2:09 p.m.; one nursed from 5:12 to 5:34 p.m. 
and the other from 5:48 to 6:09 p.m. The feeding periods correspond rough- 
ly with those of human beings. 

When the fawns were one week old, they were observed continuously from 
6:00 a.m. one day to 8:30 a.m. the following day. The fawns were active 
11 percent of this 26.5-hour period. Feeding was at approximately seven-hour 
intervals, nursing periods occurring between 7:46 and 8:21 a.m., 3:33 and 
5:03 p.m., and 12:25 and 12:55 a.m. About 22 hours of the day were spent 
lying down and resting; only 2 hours feeding, including standing and walking. 
During the daylight hours, the buck nursed 29 times in two periods for a 
total of 29.2 minutes; the doe nursed 31 times in the same periods for a total 
of 32.0 minutes. On each occasion, continuous time at the teats varied from 
5 seconds to 4 minutes. Since Einarsen (1948) found only six ounces of 
milk in a doe that had gone unnursed for 20 hours, it is doubtful that the 
entire lengths of longer periods spent at the teats were productive. The day- 
time activity of the fawns increased from oaly 9 percent on the second day to 
19 percent on the eighth. Increased activity consisted of staying up longer at 
feeding time, nursing longer, and taking longer walks. The fawns were able 
to walk and run well when only a week old. At this time they began nipping 
at vegetation; when they were a month old they grazed with the adults. 

Elliott (1947) caught one 1-day-old fawn weighing 7.5 pounds and two 
weighing 5.5 pounds each; at estimated ages of six days, another fawn weighed 
11.75 pounds and one 12.75 pounds, indicating rather-rapid growth during the 
first few days of life. Of 6 male fawns caught and tagged, Elliott found 5 
with buttons oa the head, initial stages of horn development; only 3 of 9 
females showed the presence of buttons. 

Activity was recorded on 14 fawns for 13.5 hours, from daylight to dark 
April 22, 1947. The fawns varied in age from about 4 days to two weeks. 
Averagely, seven fawns were in sight most of the time, some disappearing over 
hills later to reappear; activity was recorded only on the fawns in sight. Activ- 
ity was at its height from shortly after daylight until 8:00 am. Some of the 
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fawns nursed again around noon, after which most of them lay down until 
6:00 p.m. In resting the fawns usually lay down individually; frequently, 
however, couples and on one occasion five were seen to lie down together. 
Beginning about 6:00 p.m. the fawns nursed and played for about one hour, 
bedding down at various times during the last hour of daylight. A record of 
5,043 fawn-minutes was kept; the fawns were active only 29 percent of this time. 

Although does usually feed in the vicinity of the fawns, they may occasion- 
ly disappear and neglect them completely for as much as two or three hours. 
When resting, does may lie down adjacent to fawns, though they usually lie 
apart at a considerable distance. At times the mother may graze up hill from 
fawns in a position where a sharp outlook can be kept on the young, yet they 
also graze with no apparent attention to the fawns. 


Week-old fawns spend a small part of their active time playing by running 
off alone and returning, running in circles, chasing each other, butting heads 
with each other or with the mother while she is lying down, and jumping a 
few feet into the air with a twist of the hind parts of the body. When young 
fawns get up voluntarily, as they sometimes do to stretch and look about or 
perhaps to allow the mother at a distance to spot their location, they lie down 
again promptly. The mother gets them up to feed or play. Antelope young 
are exceptionally obedient and will remain lying as much as seven hours or 
longer in the same spot. 

When the fawns are a month to six weeks old, does and fawns gather into 
small herds, the fawns imitating the does in every phase of activity. By this 
time the young feed almost as often on vegetation as the adults, selecting the 
same foods taken by the does. The grayish-brown coat changes to the normal 
tawny color of the adults. Although weaning does not occur until the fawns 
are about four months old, by the age of six weeks the nursing periods become 
reduced to approximately one minute; they are eventually reduced to only a 
few seconds. Most of the fawns in 1946 were weaned by the first week in 
August; the latest record of nursing was on September 13. 

Sexual maturity is reached at about one year. Does usually do not conceive 
until they reach the age of about 1.5 years, though some appear to become 
pregnant when about five to eight months old. In the course of the present 
investigation, a yearling doe was observed mating on December 13. This 
corresponds with the record of a fawn about three days old that was observed 
on August 5, 1938, by Tom Redford, then a game warden. Redford suggested 
that the fawn was dropped by a yearling doe. It is likely that after the main 
breeding season of fully mature does is completed in the fall, maies attempt 
mating with does less than one year old. Conception may take place more 
frequently with yearlings than has been assumed in the past. 


PARENTAL RELATIONS 


As with other polygamous species the responsibility of rearing the young 
is left to the mether. Buck antelope are mostly away in bachelor herds while 
the fawns are being born and throughout the summer, although a single buck 
may be seen with a herd of does and fawns after the fawns are six to eight 
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weeks old. The semitame buck observed on the U Up and Down Ranch 
appeared at the scene of birth 18 hours after the fawns were born, exhibiting 
much curiosity over the little antelope. After one of the fawns nursed, the 
doe walked off a short distance, leaving the buck and offspring together. The 
buck smelled tne fawn without attempting to lick it. When the fawn lay 
down, the buck pawed it gently with his forefoot to make it stand up. The 
fawn lay down again promptly and did not get up a second time when the 
buck pawed it. Several times the buck lay down to rest near the fawns. 

After the fawns are about two weeks old and able to run swiftly enough 
to elude enemies, several fawns may be left with one doe for part of the day. 
Such associations are dissolved when the fawns are old enough to run with a 
herd, but they reappear in the late summer aid early fall when most of the 
does are in harems for mating. The latest record of this type was on Septem- 
ber 21 when a single young doe was seen with 15 fawns. 

Fawns are self-sufficient by the end of September, though they are frequent- 
ly seen with their mothers throughout the fall and winter, the relationship 
growing weaker as the seasons progress. 


ENEMIES OF YOUNG 

At the time of fawning, the weather is usually favorable for the young. 
There is no danger of snowfall at this season in the Trans-Pecos; cold, heavy 
rains may occur, causing some loss in the fawn population. 

The chief predatory enemies of fawns in the region at the present time are 
the golden eagle and coyote. While it is known through direct observation 
that fawns are killed by these enemies, the seriousness of these predators can- 
not be determined on the basis of the few sight records available throughout 
the entire western United States. As shown by Seton (1937) and Bridge 
(1942), fawns are odorless for at least a few days after birth; this offers good 
protection against coyotes. When 10 days of age they can outrun the average 
dog. Furthermore, the doe is constantly alert to lure coyotes away or attack 
them when necessary. Eagles are handicapped by the fawn’s protective colora- 
tion and its ability to remain motionless for long periods, with head and neck 
stretched flat on the ground. McLean (1944) states that the eagle is clever 
enough to perch near a doe and watch for the young, but that he never saw 
one actually get a fawn, as the doe is generally on the job as soon as the eagle 
soars over the area. In the present study, does were noted to be alert even to 
vultures soaring overhead. 

MATuRITY 
BREEDING 

The breeding season in West Texas extends from the last week in August 
to the first week in October. In South Texas, Lehmann and Davis (1942) 
found the rutting season at full swing in July. Considerable chasing of does 
by bucks occurs throughout the summer, increasing as breeding time approaches. 
The most vigorous bucks gather does into small harems of 2 to 14, with an 
average of about 7; a few fawns may remain in the herd, but most of the young 
form herds of their own with one or two young adult does to watch over them. 
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Occasionally a doe breaks out of the harem, only to be chased at high speed 
by the buck in graceful patterns of S-shaped curves and sharp hairpin turns, 
sometimes as long as 10 minutes, until the doe tires and stops, after which 
intercourse may take place. Young bucks frequently linger at the outskirts of 
a harem, at times attempting to steal a doe or even interfere with a mature 
copulating buck. The ruler of a harem has an endless task of keeping the 
does together and chasing off intruding bucks. Serious fights are infrequent; 
usually the intruder runs off a short distance when chased by the master of 
the herd. 

In 1946, the latest record of normal breeding was October 2. Except for 
the winter months, the males seem to be ready for intercourse most of the year. 
Bucks were seen throughout the spring chasing does with obvious sexual inten- 
tions. On May 15 and 16, a doe was watched during the daylight hours of a 
24-hour period. She was constantly harassed by two bucks the first day, travel- 
ing roughly 10 miles, walking while feeding back and forth over a distance of 
about one mile and never moving more than this distance from the place where 
she kept her fawn. Late in the afternoon she finally yielded to the larger buck 
and accepted copulation three times. [Early the following morning the doe 
accepted eight separate mountings from a young buck among a band of five 
young males that came to her. Even the buck on the U Up and Down Ranch 
exhibited heightened sexual emotions when behind the doe on several occasions 
on the morning following birth of the fawns. There seems to be a short period 
following parturition in which intercourse may occur without causing con- 
ception. 

Field records in this study indicate that the gestation period comprises 7 to 
7.5 months, since the first copulations were noted on August 27, 1946 and 
August 21, 1947, and the earliest fawns appeared the first week in April. This 
agrees with observations in California by McLean (1944), who believes the 
gestation period is 7 months and 7 to 10 days. Skinner (1922) and Einarsen 
(1948) give a minimum of 8 months, indicating a longer gestation period in 
northern parts of the antelope range. 


HERD COMPOSITION 


Herd compoistion varies markedly with the seasons. During the fawning 
season does are much scattered while caring for the young. In late spring when 
the fawns are 4 to 6 weeks old, the does come together again, bringing their 
fawns and forming herds of from 6 or fewer to about 20. The number of 
antelope per herd is extremely variable in summer, usually consisting of 1 buck, 
1 to 8 does, and 2 to 14 fawns. More than one buck may be present, but most 
of the males run in bachelor herds at this season. As many as 15 bucks in 
one herd is not uncommon, and one band of 30 was seen on April 30. Year- 
ling does are found with mature does and fawns. 

During the breeding season, does are mostly in harems; young bucks tarry 
around the harem; and fawns may form large bands with only one doe to care 
for them. 

After the rutting season, large bands of 20 to 60 form for the late fall and 
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winter months. Bachelor herds are seldom seen after this grouping takes place, 
although one such herd, consisting of seven bucks, was seen on November 1. 
During the day, herds often disperse into two or more smaller bands, regroup- 
ing late in the evening. In late winter individuals and small bands begin wan- 
dering about more and more. 

Definite buck herds begin forming rather suddenly the last week in March. 
At the same time, many bucks and some does are seen singly, possibly because 
they have reached senility. This is also the scason when does begin wandering 
into protective hills in preparation for fawning. 


BIOTIC POTENTIAL 


Since antelope are polygamous, reproduce from the age of two years, and 
average nearly two fawns per litter, the theoretical breeding potential is as 


follows (Leopold 1936) : 


At End of Young +  Yearlings + Adults = Total 
Ist year 2 i 0 i 2 = 4 
2nd year 2 = 2 = 2 = 6 
3rd year 4 + 2 -+- ~ = 10 
4th year 6 + 4 -— 6 = 16 
5th year 8 - 6 + 8 = 22 
6th year 10 + 8 + 10 = 28 


The actual breeding rate is much less than the theoretical maximum. One 
of the most-successful antelope transplants in the Trans-Pecos Region was on 
the West-Pyle Ranch, 30 miles northeast of Marathon. Here, in a 24-section 
pasture used only for summer grazing of cattle, the antelope were protected 
from hunting. The release, consisting of 13 bucks and 19 does, was establish-d 
in the 1941 fall transplanting season. By the fall of 1946, the population had 
reached 102 head. Assuming that all of the original does were pregnant, the 
potential increase would be as follows: 


End of Year Young + Yearlings + Adults © = Total 
1942 38 zs 0 = i 32 = 70 
1943 38 38 32 = 108 
1944 76 38 70 = 184 
1945 114 = 76 = ik 108 = 298 
1946 190 5 114 = 184 = 488 


Undoubtedly some fawns and yearlings were among the antelope in the release, 
and, therefore, the potential increase would be somewhat smaller than pre- 
sented in the above table, perhaps 100 or so fewer. Nevertheless, the loss of a 
relatively large number, between 286 and 386 head, must be attributed to 
various adverse factors, such as death of members of the original transplant 
caused by psychological reasons or overstrain and exhaustion resulting from 
capture and transportation, failure to breed, predation, disease, old age, and 
accidents. In spite of the fact that only about one-fourth of the potential in- 
crease was realized on the West-Pyle pasture, the transplant is highly succesful 
as compared with others or even with the increase in natural herds. 
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Another example of successful breeding accompanied by high theoretical 
loss was on the Gilmer Morriss Ranch, 8 miles east of Alpine. In December 
1940, 83 antelope were trapped and removed from the ranch, followed by 30 
more one year later. Two bucks and 13 does were left on the ranch. Theoret- 
ically, by the end of 1946 the population would have increased to 327. All 
of the antelope present, 128 head, were trapped in the fall of 1946. In addi- 
tion 41 bucks were killed during hunting seasons, giving an actual survival of 
169 and a loss of 158 to be accounted for by limiting factors. 

Where antelope have been released on sheep ranges, they have cither died 
cut completely, decreased, or held about the same population over a period of 
5 to 6 years. This is a direct result of the intense competition between ante- 
lope transplants on sheep range depending on the number of sheep and the 
condition of the range. A release (1941) of 29 head on the R. K. Merrill 
Ranch, 8 miles northwest of Fort Davis, for example, decreased to about 24 
by 1946; yet part of the herd escaped across the fence to a cattle ranch, the 
U Up and Down, and increased to 75 head over the same time. Though the 
Merrill Ranch is not seriously overgrazed, nevertheless the sheep keep the ante- 
lope food plants grazed out to the extent that only a small population of the 
game can sutvive. It is apparent that under conditions of inadequate food 
supply, as on sheep ranches or during severe droughts, the antelope fail to 
breed or perhaps suffer a hign mortality of newborn young, thus cutting down 
the population to the carrying capacity of the range. 


The above examples of breeding potential indicate that the rate of increase 
is high, populations mounting in geometrical proportion as they become well 
established. 

At the present time the survival potential is relatively high, as shown by 
an autumn increase of 32 percent in 1946, based on an estimate of 1,750 bucks, 
3,191 does, and 2,343 fawns, a total of 7,284 head in the Trans-Pecos Region 
in September. Subsequently, 600 head were removed from the region for 
transplanting and 395 were killed during the hunting season, which represents 
the productivity, or that part of the population utilized by man. Of the remain- 
ing approximately 6,300 head, records were secured on 84 deaths. Since only 
a fraction of the large expanses of range could be covered, this figure repre- 
sents but a smali part of the death loss. That the annual death rate is high 
is indicated by the relatively small increase each year compared to the theoreti- 
cal increase. Aerial surveys show an increase from not fewer than 4,742 in the 
fall of 1941 to about 6,300 in February 1947. Between the fall of 1939 and 
February 1947, 2,136 pronghorns were trapped and removed and 959 killed 
during scheduled hunts. While these figures represent a fair population with 
good, sustained productivity, a tremendous death rate remains unaccounted for. 
The short life span may play an important role. 

Some of the causes of death are listed in Table 2. Obviously the data are 
insufhicient for final conclusions concerning the importance of the various deci- 
mating factors. Seemingly, losses on sheep ranches are serious, but the total 
number of antelope on severely overgrazed sheep range is comparatively small. 
Over approximately the past 10 years, however, losses on sheep range, caused 
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y starvation, have been considerable; and sheep may be considered a serious 
enemy of the antelope. 

One accidental death was that of a fawn which was run over by a cat on a 
county dirt road; another was that of a mature doe that died from cutting its 
hroat, apparently while running at high speed between the strands of a barb- 
wire fence. One buck fight which resulted in the death of an old male was 
observed by A. R. Eppenauer on his ranch near the MacDonald Observatory. 
Another death through a buck fight was assumed, since one dead animal was 
found witn a broken neck vertebra. 


TaBLeE 2.—Summary of antelope found dead. 


Cause of Death 
Number Dead 


Accident 2 
Buck fight 2 
Cripple in hunt 13 
Disease 
Illegal kill 4 
Old age 7 
Predator, coyote l 
Snow storm 5 
Starvation, sheep range 37 
Undetermined 9 
Total 84 


Only 13 cripples were accounted for during the October-1946 hunt; the 
total loss was perhaps not over 30 head. Four antelope were reported killed 
cut of season by poachers; small losses existed on a few ranches where the land- 
owners utilized the game to feed Mexican labor. 

One fawn was killed by a coyote on June 9, 1946, on the Kerr Ranch in 
northern Hudspeth County. 

Of those killed by disease, one died of locoism, one of pink eye, and two 
of an intestinal disorder probably caused by an irritant plant. 

Undoubtedly death from old age was higher than the data indicate. Many 
of those listed as undetermined imay have died from senility, and those that 
died during blizzards on cattle range were probably old individuals. 

Annual mortality is indicated by records of the percentages of fawns taken 
during trapping operations. Fisher (1941) gives 20 percent fawns trapped in 
1939, 20 percent in 1940, and 33 percent in 1941; Etheredge (1947) gives 37 
percent in 1946. These data indicate that there must be a corresponding mor- 
tality if the population remains stable. Actually the antelope have increased 
somewhat since 1939, which means that the mortality is slightly less than the 
increase. 


AGE 
BEHAVIOR 
Following the early spring breakup of the large winter herds, bucks which 


appear to be old because of their large size and big horns ate often seen alone, 
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apparently enjoying solitude. Such isolation is commonly seen throughout the 
spring, summer, and early part of fall. When does become barren with old 
age, they seem to associate more with bucks, even to the extent of running 
with a bachelor herd. 


LIFE SPAN 


In December 1940, 15 antelope were “aged,” tagged, and released on the 
Gilmer Morriss Ranch. Two of these, both does, were recovered during trap- 
ping operations in November 1946. Doe number 420 was 4 years old and 
doe number 424 was 6 years old in 1940, giving ages of 10 and 12 years 
respectively when retrapped. Both does were still in excellent condition when 
trapped in 1946. The life span of antelope may be somewhat higher than 
generally thought. Einarsen (1948) reports that William T. McKean found 
more than 73 percent of 202 bucks taken in a four-day hunt in South Dakota 
were not over 4.5 years of age. 


BEHAVIOR 
DISPOSITION AND TEMPERAMENT 


The pronghorn is such an interesting blend of nervousness, timidness, dis- 
trust, boldness, and curiosity that man has been fascinated by its nature. An- 
telope never seem to become fat, even when reared as pets in natural habitat, 
apparently as a result of their nervous disposition. 

Curiosity and satisfaction of knowing what happens around them seem to 
contribute as much to this disposition as fear of danger. In remote pastures 
where antelope seldom have an opportunity to see cars and people, they are 
noticeably more wild than elsewhere, yet even here they are readily overcome 
by curiosity and approach to within 75 feet or less of an observer in plain view. 
On one occasion two inature bucks and one yearling, the animals snorting fre- 
quently and showing fear by upraised hairs on the back of the neck and immedi- 
ately above the tail, approached to within 30 feet of the writer, sitting quietly 
on a hill-top. Their insatiable curiosity was well-demonstrated when a herd of 
18 feeding on a slope came walking directly toward the writer, passing in front 
about 50 yards away, stopping occasionally for a good look, and then circling 
to cross behind. Another band of 24, feeding and drinking at a water tank 
a quarter of a mile away, saw the commotion and also approached, coming to 
within 500 yards of the observer before being joined by the band of 18. All 
moved off slowly a few minutes later, feeding along the way. On one occa- 
sion, March 14, a strange performance was observed; a doe separated from a 
herd, for no apparent reason, to make a long excursion, alternately walking and 
running, across a 2-mile flat to a distant hill. 

An apparent playfulness among adults may be closely linked with sex. 
On May 2, three mature bucks were seen chasing a two-year-old buck back and 
forth along an erosion gully about 5 feet deep and 15 feet wide. The bucks 
leaped in and out of the gully repeatedly; the game of tag continued vigorously 
for a period of 25 minutes with frequent rests. Whenever the young buck 
stopped, one of the older bucks approached from behind, apparently with 


sexual intentions. High-speed races between bucks and does in late spring 
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and through the summer are more serious than playful, since the males are 
ready for mating long before the does are receptive. Buck races are also 
common from late spring to fall, sometimes ending in a sparring fight. 


Sparring is a frequent pastime of adult bucks as well as buck fawns. Little 
sparring is done after the horns are shed until late in January, although the 
tips of the horns are sharp and effective weapons. Perhaps the bucks realize 
the danger of fights at this time, as they are without the forward prongs to 
catch a thrust of the opponents’ horas. Fights usually end after a few minutes 
without serious consequence, but on at least three occasions Williams (1937) 
witnessed a fight that resulted in death to one of the combatants. On three 
occasions during the spring, does without horns were observed butting heads 
briefly. 

When about four weeks old, fawns frequently chase each other, combining 
play with useful exercise in strengthening muscles and increasing lung capacity. 
Fawns are often prompted to running by does and sometimes by bucks. At an 
early age, fawns butt heads enthusiastically, reminding one of domestic kid 
goats. Sparring and racing continue until winter, when the activities are cur- 
tailed by cold temperatures and snow; late in the winter playing increases as the 
weather becomes warmer. 


An interesting reaction to dead comrades was observed by Edward Henry, 
an employee of the Texas Game, Fish and Oyster Commission. A herd of 
several antelope were scen feeding unconcernedly around a buck that had died 
a few days previously. Some even lay down near the carcass. The writer 
observed a herd feeding around a buck that had been dead for some three 


months; again the animals completely ignored the carcass. 


Reference to bunching habits of the pronghorn appeared early in the litera- 
ture (Baird 1859). When grazing, the members of a herd are usually dispersed 
over considerable area; some are so far away that they appear to be out of the 
herd. At the first sign of alarm, however, the individuals come from all direc- 
tions to join into a compact group and flee together, stringing out in single 
file. A mature doe invariably leads the herd, while the buck, though master of 
the herd, brings up the rear. 


REACTION TO RAIN 


During moderate or heavy rain, antelope usually lie down with their backs 
toward the storm. Cattle and horses, on the other hand, stand up, seeking the 
shelter of trees where available. Antelope reactions in the rain are illustrated 
by observations on 1 buck, 1 doe, and 1 fawn, between 6:00 and 7:30 a.m. on 
the morning of August 29. Light showers had fallen throughout the previous 
night. The antelope were feeding, and the buck was trying to mate with the 
doe in the misting rain. When the rain increased to moderate, feeding contin- 
ued, but as soon as the rain began falling heavily, the buck lay down, followed 
after a few minutes by the doe and fawn. The doe rose three times to wriggle 
her skin like a dog and shake her head from side to side to rid her face and 
body of annoying water. The last time she rose, she began feeding again in 
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spite of the heavy rain. The writer was able to approach within 20 feet before 
she ran off with the buck and fawn. 

Pronghorns were observed in the rain on seven different occasions. At close 
range a buck and doe were seen ruminating during the heaviest part of a down- 
pour without concern or apparent discomfort. 


REACTION TO SNOW 


During two severe snow storms that occurred in January, the Trans-Pecos 
antelope sought protection in rolling hills and sheltered canyons. Robert Wil- 
loughby, one of the foremen on the Kokernot Ranch, observed two pet fawns 
tramping in deep snow drifts to form holes in which they lay down out of the 
wind. This protective measure is instinctive, and is probably utilized by ante- 
lope on the range. 

The antelope had no difficulty finding sufficient food without having to 
paw away the snow. Snow depth averaged about 7 inches, but was drifted in 
some places and only 4 inches deep in others. Food consisted of palatable 
coarse forbs and browse sticking above the snow. 

Exposure to snow, strong winds, and subzero (F) temperature did not seem 
to have any detrimental effect on healthy antelope. After snow from the 
first storm had nearly all melted, A. R. Williams observed four dead antelope 
in draws on the Gage Estate while making an airplane census of this range. 
Nearly 400 antelope occur on the range covered. The four dead individuals 
were thought to be too old to withstand the blizzards. 


INTERCOMMUNICATION 


Communication between does and fawns cannot be heard under conditions 
of ordinary observations which are of necessity made at considerable distances. 
While watching a onetime-pet doe with her fawns at close range, the writer 
was able to hear the communicating, grunting bleats of both doe and fawns. 
The mother used the bleat to call the fawns when approaching them for feed- 
ing. Week-old fawns jumped up at distances of as much as 500 feet to answer 
faint bleats from the mother, indicating that young fawns have extremely acute 
hearing. 

In observations on half-tame animals on the U Up and Down Ranch on 
June 4, a buck attempting to mate with a doe uttered low querulous sounds 
scarcely audible to the human ear even at close range. 

When alarmed, excited, or curious, either sex may snort much like a deer. 
After a loud snort, a buck sometimes produces a series of some 10 lower- 
pitched sounds repeated in rapid succession. 

A most-striking means of intercommunication is the raising of the white 
hairs of the rump rosette when alarmed. First the hairs of the mane are raised 
along with a small patch of hair on the upper rump, immediately above the 
tail; then the rosette flares out in a brilliant white patch that can be seen at a 
gteat distance. Accompanying the animal’s excitability and the flashing of the 
tosette, the scent glands, especially those on the rump, give off a characteristic 
musky odor, probably used to convey news of danger. 


| 
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Sight seems to be an important means of communication. When the first 
slight stimulus of danger is received, an individual antelope may pose and 
watch steadily in the direction of the danger. Others glance from feeding or 
lying down and also look for the source of danger. Often glances are inter- 
changed, and thus the whole herd becomes alerted. When lying down, mem- 
bers of a band usually face in various directions to cover all points of possible 
danger. 

Communication by touch is used when one antelope wishes to alert a reclin- 
ing member of the herd. Both sexes and all age classes utilize the method. 
At the slightest nudge or touch from another antelope, an individual lying 
down rises immediately, ready for action. 


COOPERATION 


On two occasions Williams (1937) observed rattlesnakes being killed by 
antelope. Four antelope cooperated in one case, taking turns running and 
jumping at the snake, and then bounding away. Williams also saw a herd of 
12 antelope cooperate in killing a coyote. Rush (1944) describes how a doe 
killed a rattlesnake on the Sullivan Antelope Refuge in Montana. The doe 
jumped ahead and up into the air, landing on the snake with all four feet 
close together. This was repeated about six times. 

Another example of apparent cooperation was noted on the U Up and 
Yown Ranch on May 27, 1947. At 3:30 p.m. the doe departed from the buck 
for the hills in preparation for parturition. While the doe was standing in a dis- 
tant hill, two dogs set out at a trot across the intervening quarter mile of flat 
land toward the doe, obviously with the intention of chasing her. The buck 
jumped to his feet immediately and ran to the dogs, whereupon the dogs 
turned about and chased him. When the buck led the dogs near the ranch- 
house, their intentions of chasing the doe were soon forgotten and the dogs 
returned to the yard. 

The instinctive sense of cooperation is undoubtedly used in many situations 
for the protection of individuals or the herd as a whole. 


DAILY ACTIVITY 


To determine the activity of antelope on the range, specific herds were 
followed during the daylight hours of one 24-hour period each month, using 
the method of Cory (1927) with slight modifications. Behavior was recorded 
for ali members of a herd each time any change in activity could be noted; the 
continuous duration of any particular type of behavior ranged from 1 minute 
to as much as | hour. Recognized categories of behavior included feeding, 
lying down, standing, walking, running, and playing. The nervous nature of 
the antelope did not permit refinement of the six categories used here since it 
was impossible to observe small details, such as ruminating, from the distances 
at which the observer was forced to remain for accurate observation without 
interfering with the natural activity of the animals. 

The vatious types of activity are defined as follows: 

Feeding.—-This includes all the time, standing or walking, during which the 
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antelope were feeding. Much time, especially while walking, was spent in 
search of food. Therefore, the net amount of actual feeding time was consid- 
erably less than the percentage obtained for this type of activity. 

Lying Down.—Time spent lying down was recorded in this category. At 
such times the antelope often ruminated. 

Standing.—Time spent standing around, looking over the landscape, idling, 


and ruminating, but not feeding, was recorded here. 

Walking.—At times the antelope walked for more than a minute without 
feeding, perhaps to move to new localities or to join other members of a scat- 
tered band. 

Running.—This includes running from danger, running to catch up with 
other antelope, or running for any purpose other than play. 

Playing.—Running in play was recorded here, as well as any type of activi- 
ty that appeared to be play, such as sparring with the head and horns. 


The most-satisfactory method of determining the activity of antelope was 
to keep records on the behavior of all members of a herd of about 10 head; in 
some of the studies records were kept on as many as 50 in one herd. Small 
inaccuracies involved when using large herds were absorbed by the large num- 
ber of antelope-minutes recorded. Percentages secured on the various types of 
activity were virtually the same whether large or small herds were employed. 
When frightened by too-close approach by the observer, the antelope some- 
times ran off, but quickly resumed normal behavior so that the final percentages 
of activities were not affected. The numbers of antelope-minutes (one antelope 
observed for one minute equals one antclope-minute) and the percentages of 
daylight time spent in the several activities during each of the 11 months of 
activity are recorded in Table 3. 

Behavioral studies were made in various types of ecologic associations and 
under different intensities of grazing. Antelope on poor range where forbs 
were scarce were forced to spend more time feeding than those on good range. 
It was obvious in the field that during the winter the pronghorns spent more 
of their daylight time feeding and less lying down than at any other season; 
these two activities being controlled by scarcity of food and shortness of day. 
The average daily percentages of feeding time were 72.8 for autumn, 77.8 for 
winter, 63.0 for spring, and 67.0 for summer. The outstandingly low per- 
centage of average feeding time for spring was obtained in observations on a 
ranch in good condition where food was abundant and also on two former pets 
in good pasturage. Probably the average over the entire range for spring is 
closer to that of autumn. The final 1l-months average percentages were: 
Feeding 70.2, lying down 20.9, standing 6.7, walking 1.7, running 0.4, and 
playing 0.1. 

Compared with cattle (according to figures given by Cory), antelope spend 
about 5 percent more time lying down, and 20 to 25 percent more time feed- 
ing. The percentage of time recorded as “feeding” for antelope was not fully 
comparable to that for cattle since Cory allowed for loss of time in moving 
about while feeding, a correction not made in the present study. The ante- 
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TaB_Le 3.—Summary of daily activity by seasons. 


Autumn 


Antelope Minutes 


Percent of Day 


Oct. 31 Nov. 14 Dec. 13 Oct. 31 Nov. 14 Dee 13 
3,941 25,837 17,482 74.0 74.1 70.4 
1,106 6,488 5,607 20.8 18.6 22.6 

225 2,149 1,286 4.2 6.2 5.2 
55 321 311 1.0 0.9 Oe 
0 74 77 0.0 0.2 0.3 
0 0 62 0.0 0.0 0.3 
3,27 34,869 24,825 100.0 100.0 100.0 
Winter 
Antelope Minutes Percent of Day 

Jan. 14 Feb. 14 Mar 14 Jan. 14 Feb. 14 Mar 14 

14,319 14,457 6,863 75.6 78.5 79.3 
2,983 2,719 1,236 15.7 14.8 14.3 

von 974 392 4.0 5.2 4.5 
734 188 106 3.9 1.0 12 
144 6 33 0.8 0.1 0.6 
4] 66 6 0.0 0.4 0.1 
18,932 18,410 8,656 100.0 100.0 100.0 
Spring 
Antelope Minutes Percent of Day 

Apr 21 May 19 Jun. 16 Apr 21 May 19 Jun 16 
3,676 6,009 969 60.0 73.4 ps 
+,208 i372 577 29.0 19.2 33.2 
1,130 316 186 Kg 3.9 10.7 

435 213 8 3.0 2.5 0.4 
9 60 0 0.1 0.7 0.0 
33 22 0 0.2 0.3 0.0 
14,491 8,195 1,740 100.0 100.0 100.0 
Summer 
Antelope Minutes Percent of Day 
Jul. 14 Aug 21 Jul 14 Aug 21 
9,724 5,223 77.2 56.8 
1,682 2,577 13.4 28.0 
854 1,185 6.8 12.9 
275 108 ye 1.2 
45 97 0.3 1.1 
6 0 0.1 0.0 
12,586 9,190 100.0 100.0 
Summary 
Autumn Winter Spring Summer 
72.8 77.8 63.0 67.0 
20.7 14.9 27.1 20.7 
5.2 4.6 7.4 9.8 
1.0 2.0 2.0 1.7 
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lope’s habit of walking while feeding and selecting palatable forbs accounts for 
the use of much extra time and leads to the popular notion that “antelope feed 
all of the time.” 

The pattern of daily activity varies considerably with the season, weather, 
and interruptions from enemies or man. The usual procedure is to rise shortly 
after daybreak to begin intensive feeding lasting 1 to 2 hours, followed by 
lying down. Resting for about 1 hour is followed by feeding through most of 
the morning. Near midday another extended period of lying down occurs suc- 
ceeded by one or two feeding periods during the afternoon. When the heat of 
day is intense in spring and summer, little activity takes place. Shade from 
trees and yuccas is often utilized. After 5:00 or 6:00 p.m. the antelope feed 
steadily until nightfall, at which time they recline for a long rest. The alterna- 
tion of feeding and resting is repeated at night, with longer periods of lying 
down than in the daytime. There are a greater number of feeding and resting 
periods on long days in late spring and summer than on the short fall and 
winter days. Activity is somewhat disrupted by snow storms and high winds. 
The presence of snow forces the animals to spend more time searching for 
food, while high winds without snow cause them to spend more time lying 
down on protective slopes. 

Antelope never seem to sleep soundly for any length of time; instead they 
doze, opening their eyes frequently to look for any changes in the surround- 
ings. Usually they recline with the head held upright, but during their most- 
auiet moments the head may be tucked around to the side or even stretched 
out on the ground. 

Studies on nocturnal behavior indicate that antelope are quite active at 
night. Individuals may rise to shift to more-comfortable positions. They 
also spend much of the night feeding. On the night of April 7, when the 
moon was nearly full, 8 does under observation were active 14.4 percent of the 
time although they ranged much less widely than in daytime. Most of the 
time was spent in feeding, with some running back and forth as if to keep 
warm. During the night of June 4, at which time the moon was full, a semi- 
tame doe under observation at close range was active, chiefly feeding, 35 per- 
cent of the time. 


SEASONAL ACTIVITY 


At the first killing frost of the season, November 6, the antelope made 
definite movements into hilly and mountainous sections, when possible. Ani- 
mals confined to flats, however, show little discomfort from icy winds, follow- 
ing their daily activity pattern as usual. South-facing slopes of hills and 
mountains are eagerly sought during northers, where available cedar is utilized 
for further protection. In the Mixed Desert Scrub Association shrubs provide 
considerable protection. Where hills or mountains adjoin level areas, antelope 
often feed one-half to three miles out into the flats in the warmest part of the 
day and return to the protection of the slopes at night. During long periods 
of warm weather in late fall or winter, antelope sometimes move far out into 
flats for several days. In late winter large bands break up into smaller ones; 
individuals and small groups wander about more and more, extending their 
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range as the weather warms. A few weeks prior to fawning does confine them- 
selves more or less to protective areas, remaining there until the fawns are 


about 4 to 6 weeks old. 
MOVEMENTS 


The daily cruising radius of so wide-ranging an animal as the pronghorn is 
surprisingly small. The day is spent in an area of approximately one square 
mile. After a few days to a week, or sometimes much longer, depending large- 
ly upon the available food supply, the antelope shifts to new range. Antelope 
were observed to travel an estimated average of 3 to 4 miles from daybreak to 
dusk over small home ranges. 

The primary objective of antelope when alarmed appeared to be to get out 
of sight. In brushy country this was done by running until hidden by the 
brush. In rolling-hills habitats, the antelope disappeared over the nearest hill. 
Once out of sight, they appeared to be satisfied and feel safe, showing no other 
concern when the soutce of danger was no longer visible. In flat areas it was 
often necessary for them to run tor one-half to one mile or more before the 
undulating topography or yucca stalks concealed them sufficiently to impart 
the feeling of safety. At other times the antelope maneuvered to keep the 
observer in view. 

Many fabulous tales are current about the speed of America’s fastest four- 
footed animals. Authentic records show that speeds of 60 mph are maintained 
only for short distances and by exceptional individuals. Einarsen (1948) 
tecorded an instance of a buck outspeeding a car making 61 mph. A speed 
of 53 mph for nearly a half mile was recorded by McLean (1944); it is his 
cpinion that antelope can run between 35 and 40 mph for long distances, but 
tire quickly at anything over that. In New Mexico, Carr (1927), reported a 
top speed of 30 mph. 

Six records of speed were made by the writer. On one occasion a doe and 
2 fawns ran parallel to a car at 30 mph. Another time a herd of 2 bucks, 4 
does, and 4 fawns challenged the car to a race. The antelope, running down a 
hillside, crossed and recrossed the road in front of the car and indicated the 
intention of crossing again. It was necessaty to increase the speed of the car 
to 35 mph to prevent the third crossing in front of the car; the foiled animals 
then crossed behind the car. Another herd was checked twice for speed. The 
15 antelope crossed in front of the car when the speedometer registered 35 mph 
and again when it registered 37. When an attempt was made to force the 
antelope above these speeds, they stopped, wheeled around, and doubled back 
to cross behind the car. Still another herd passed across the road in front of 
the car at 40 mph. After crossing over, the herd slowed slightly and ran 
straight ahead of the car at 38 mph soon to escape into some rough hills. 
These observations indicate that the normal top speed for antelope in this 
region is between 35 and 40 inph. 

On rare occasions antelope display remarkable jumping power. On several 
occasions, during trapping operations, Fisher (1941) observed antelope jump- 
ing a five-foot corral net fence from a stand-still position. One old buck that 
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had been in the trap for the third time cleared a six-foot net from a standing 
position. During the past eleven years, Henry Fletcher, whose ranch is located 
20 miles south of Marfa, has annually found an average of one antelope dead 
with its hind feet caught in the top strand of a barbwire fence. Antelope were 
frequently seen jumping low net fences by Wesley Roberts near his home on the 
Gage Estate, 8 miles west of Alpine. 

Most antelope seem to be unaware of their ability to jump, for they often 
die of starvation on severely overgrazed sheep ranges rather than jump the 
sheep-proof fences. 

SANITATION 

Nearly every time a buck urinates and defecates the act is preceded by 
pawing with the forefeet. This habit, a secondary sex characteristic associated 
with males only, is at a minimum during the winter and at its height in the 
breeding season. Special areas are sometimes used repeatedly as defecating 
grounds. Apparently bucks use the pawing act to demonstrate their male 
nature and vitality. 

Both sexes squat deeply when urinating or defecating, obviously as a sani- 
tation measute. 

Does keep their young immaculately groomed by constant licking for about 
the first month of their lives. 


MIGRATION 


Migration of the pronghorn is not evident in the Trans-Pecos Region today, 
except on large ranches in northern Hudspeth County from whence some herds 
drift into southern New Mexico when water and pasturage are better there 
compared with the Texas range. Over the Diablo Plateau as a whole, ante- 
lope are scattered and range more widely than in other parts of the region. 

Movements of as much as 5 to 10 miles within pastures or between pastures 
fenced with barbwire are related to weather, fawning seasons, and grazing 
conditions. 

ADAPTABILITY 


The ability of antelope to adapt themselves to new features of environment, 
such as fences, railroads, highways, and brush is truly remarkable. Given sufh- 
cient food and water within reach, together with plenty of open range and 
some areas of rolling hills for protection against adverse weather, antelope are 
able to adjust their behavior to man’s presence and sustain healthy populations. 
They have no fear of noisy trains passing as close as 100 to 200 feet away. At 
times they appear to enjoy watching cars moving on the highways. 


Ecology 
HABITAT RELATIONSHIPS 


Comparison of antelope distribution (Fig. 1) and the biotic communities 
(Fig. 2) shows that for the most part the animals are directly associated with 
the Desert Grassland Biotic District. Open grassland basins and plateaus, 
with adjacent rolling hills of grassland, form the most-desirable habitat. Before 
the introduction of livestock, the grassland habitat covered much more of the 
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Trans-Pecos Region. While antelope numbers remained low over a 40- to 50- 
year petiod, roughly between 1880 and 1920 or 1930, the vegetation changed 
markedly through overgrazing. The invasion of desert scrub over much of the 
area made the habitat less favorable for antelope. On sheep ranches, particu- 
larly since the recent increase in sheep, the elimination of staple antelope foods 
has made the habitat, whether grassland or desert scrub, unsuitable for the 
game. For these reasons the region can not support the abundance of antelope 
that occurred here prior to man’s influence on the range. 


The Oak-Juniper Life Belt forms a significant part of present-day range in 
the Davis Mountains. It is likely that the antelope utilize the woodland more 
now than in the past, having been forced here as the flat grasslands became 
overgrazed. Antelope are abundant in this habitat on the Gage Estate between 
Paisano Pass and Alpine, on the U Up and Down Ranch, 10 miles northwest 
of Fort Davis, and on the Cornell Ranch and Reynolds Cattle Company Ranch 
about 15 miles south of Kent. Broad intermontane flats of grassland in asso- 
ciation with the woodland are essential for antelope success in the mountainous 
areas (Fig. 10). 

Of the several grassland associations, the Brewster Hills Association has the 
highest carrying capacity for antelope in correlation with its wide variety of 
excellent forbs that provide an abundance of food all year long. Possibly this 
particular range supports more antelope in certain areas now than previous to 
grazing by cattle. Perhaps next in carrying capacity is the Rolling Hills Asso- 
ciation. Both hills associations ate continuous wtih flat-grassland associations 
that form essential parts of the antelope range. Antelope now spend more 
time in the hills than on the flats because more food is available on the slopes. 


Fig. 10.—Broad intermontane flats provide good antelope range at higher 
elevations. Reynolds Ranch, 30 miles northwest of Fort Davis. July 28, 1947. 
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At one time the reverse may have been true; but, since the introduction of 
cattle, the flat areas have been so depleted of valuable forbs and better grasses 
that the pronghorn is forced to make use of the slopes which are less fre- 
quented by cattle. Though the cattle now also find it necessary to utilize hill- 
sides, forbs and browse are still abundant, especially on the higher slopes. 
Probably it would be a strange signt for early explorers to return at the present 
time to see antelope equally at home on upper slopes and high rocky outcrops 
as on the flat areas that apparently formed the most-important habitat before 
1900. 

Of the flat grasslands, the Marfa Flat Association is the most valuable. In 
spite of overgrazing by cattle, sufficient antelope food is available to support 
good populations. 

The replacement of the natural grama-grass vegetation, with its associated 
forbs, by tobosa grass, burro grass, Mublenbergia arenicola, and M. arenacea, 
has reduced the antelope-carrying capacity of the habitat now designated as the 
Tobosa Flat Association. Antelope still range over parts of tne tobosa flats 
in the large Valentine Basin, where access to rolling hills is possible. 


The Mixed Scrub Association supports a population of somewhat over 500 
head of antelope, according to the February 1947 census. Cattle range in this 
habitat is suitable for antelope; unfortunately, most of the mixed scrub is now 
heavily grazed by sheep along with the cattle. From this association, prong- 
horns range into the Sotol-Lechuguilla Association on limestone slopes. 


Exposure is an important physiographic feature with which antelope are 
closely related. South-facing slopes are of particular importance principally 
because of the following factors: (1) Food in the form of forbs and browse is 
more abundant on south slopes than on north slopes or flats; (2) they provide 
protection from cold north winds in winter; and (3) the south slopes receive 
more warmth from the sun throughout the day and season. The slope habitats 
are essential to the welfare of large and healthy antelope populations. Con- 
trary to the conclusions made here, Cottle (1932) found environmental condi- 
tions on south slopes less favorable to plant growth than on north slopes, and 
that the dry weight of plant production on the south slope was only 5 percent 
as great as that on the north slope. However, he states that of the two slopes, 
the south was more heavily grazed, as the better range grasses were found on 
this slope. 

ASSOCIATION WITH LIVESTOCK 

On numerous occasions antelope were observed feeding with cattle; on three 
occasions only with sheep. Though they seem to prefer to feed with cattle, 
little aversion was shown toward feeding with sheep, as illustrated by the follow- 
ing observations. On May 9 one buck and ore doe were seen feeding on the 
Yates Ranch, 23 miles east of Alpine. A flock of 10 sheep grazed within 5 to 
IC yards of the antelope, the latter showing none of the objection to sheep 
sometimes reported by ranchmen and continued to graze and browse without 
looking up; as the sheep moved past the antelope continued to feed in the same 
place. There was no psychological incompatibility between the sheep and 
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pronghorns in this case, nor on the other two occasions when both were seen 
together on October 3. 

The antelope were usually seen feeding alone, rather than with any class 
of livestock. 

ASSOCIATION WITH DEER 

Antelope and mule deer were noted together on three occasions. On Sep- 
tember 5, at 6:50 a.m. four antelope (2 does and 2 fawns) were feeding on a 
steep, rocky slope. When disturbed by the writer, they ran up the slope, be- 
tween large rocks in a narrow pass, to the top of the hill. Near the top, a 
doe mule deer appeared directly in the path of the antelope. The latter showed 
no sign of fear by upraised hairs on the neck or rump, and simply made their 
way around the deer to the safety of the hill top. Herds of antelope and mule 
deer were observed grazing about one-fourth mile apart at 5:45 a.m. on May 
17. On June 4, at 8:10 p.m.; a doe was seen grazing on a hill top with four 
mule-deer bucks. The antelope and deer prazed no more than 50 feet apart 
some of the time, as if they were all members of the same herd. The deer 
allowed the writer to approach slowly to within 150 feet. At this extremely 
close range they became alarmed and with a great outburst of loud snorts they 
ran up hill about 600 feet, where they finally went back to feeding. 

The ranges of antelope and mule deer overlap but little, since the former 
prefer the flats and rolling hills, while the latter frequent small flats between 
mountains only for short periods of time, usually in the early morning and 
evening and at night. There is less overlap between ranges of white-tailed deer 
and antelope, since the former occur at higher elevations in the mountains, 
above the range of the mule deer. During cold periods in the winter, antelope 
invade the mule-deer country more than at any other time of year, but the two 
species readily tolerate each other on the same range. 


DISTRIBUTION BARRIERS 


Sheep-proof fences are etfective barriers to antelope. In desperation bucks 
may force a hole in a net fence with their horns, working the hole until it is 
large enough to crawl through, according to George Knight, foreman of the 
Worth Evans Ranch, 18 miles west of Marfa. Fences on cattle ranches are of 
either 4 or 5 strands of barbwire. Antelope pass under such fences readily; or 
rarely, between the wires. Experience must be gained before antelope pass 
adeptly under barbwire. A yearling buck, 2 does, and 6 fawns ran to a fence 
when disturbed by the presence of the writer; the does selected a spot in a 5- 
wire fence and quickly crawled under. The yearling buck and fawns attempted 
to follow, but refused to go under the wire. Finally, the buck led the fawns 
off and the two Coes crawled back under the wire to rejoin the herd as it ran 
away. During a daily-activity study on May 19, one doe was seen going under 
a 4-stcand barbwire fence, followed after a moment's hesitation by her two 
little fawns. Later, another doe was observed to crawl under the fence at the 
same place. The two offspring of this doe at the fence then walked along it 
for a place to crawl under. Finally, they walked away from the mother, and 
the doe crawled back under the fence into the pasture to them. 
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Although main highways are barriers to distribution, they are occasionally 
crossed. Ore observation was made of antelope crossing the road on the newly 
paved “scenic loop,” 28 miles northwest of Marfa. Here two does crossed the 
pavement to a herd of 15 that had apparently already crossed over. On U. S. 
Highway 90, 12 miles west of Alpine, Mrs. H. K. Buechner observed a buck 
and doe attempting to cross the road. The doe tried repeatedly to crawl 
under the 4-wire fence, but was Leland each time by passing cars. When 
one large truck sounded its horn in passing another machine, the animals were 
frightened away. On April 20, while driving along highway 90, C. M. Palmer 
observed a doe antelope on the pavement, 6 miles east of Marfa. One other 
antelope stood between the highway and railroad tracks and two others between 
the tracks and the 4-wire fence of the Gage Estate pasture from which the 
antelope had come. The doe on the pavement quickly rejoined the antelope 
in the highway lane and both ran unhesitatingly over the tracks to join the 
other two. When the writer arrived 20 minutes later, the antelope were inside 
the pasture not far from the fence. At approximately the same place, W. P. 
Taylor and the writer saw a pregnant doe feeding in the highway lane. Her 
tracks indicated that she had been in the lane only a few minutes. The doe 
looked at the car as it stopped; then walked up the embankment of the railroad, 
crossed the tracks, and crawled under the fence into the pasture. Although 
these antelope had access to the Mitchell Ranch on the south side of the road, 
they preferred to return to their pasture. 


Railroad tracks, usually effective barriers, were crossed habitually near the 
Santa Fe Railroad overpass, 13 miles west of Alpine on Highway 90. A herd 
cf 10 does and 2 bucks was frequently observed, first without, and later with 
fawns, in a small 150-acre pasture. On two different occasions these antelope 
were forced out of the pasture by approaching them. The band ran to the 
4-wire fence at the railroad tracks, crawled under the fence, crossed the rails, 
and crawled under the fence on the opposite side of the right-of-way. A pass 
under the railroad was readily accessible with easy fences for the antelope to 
crawl under, yet they preferred to cross the tracks, rather than walk under the 
low bridge. 

In the main, net fences, railroads, and main highways are effective barriers 
to antelope distribution. 


PREDATOR RELATIONSHIPS 


The many perplexing problems concerning antelope-predator relationships 
could not be solved in the course of the present investigation. The subject is 
broad and data must be accumulated over a period of many years. The infor- 
mation presented here is intended to summarize available knowledge on eagle 
and coyote relationships to antelope and to point out the need for intensive 
research. 


The rather-phenoinenal increase in antelope in the Trans-Pecos since the 
1920's has been attributed by some game wardens, predator-control men, ranch- 
men, hunters, and others living in the antelope range to predator control 
through government trappers and by use of airplanes. The intensive predator- 
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control program was introduced between 1935 and 1940, when the number of 
sheep in the region was greatly increased, and sheep ranchmen demanded pro- 
tection. Antelope are believed to have benefited substantially from the control 
program. 

The serious detrimental effects of golden eagles and coyotes on domestic 
sheep, mostly lambs, is perhaps unquestionable. Impetus to control by plane 
was given by a few ranchmen who suffered heavy losses and called upon J. O. 
Casparis, owner and operator of the airfield at Alpine, for help in destroying 
the predators. On the McCutchin Ranch, 20 miles north of Fort Davis, 12 
eagles were killed one day and 9 the next, after a loss of 19 yearling sheep 
weighing 60 to 70 pounds each was attributed to these predators. No serious 
losses occurred after the eagles were killed. Over a 63-day period on the Mc- 
Farland Ranch, 20 miles southwest of Marfa, 700 lambs were supposably 
killed by eagles. In one area, the Trotter Ranch, 1 mile west of Balmorhea, 
six eagles was the maximum reported seen at one time, 125 lambs were killed 
in 25 days. In the Roseus Mountains about 80 miles south of Alpine, 1,500 
lambs on the Miller Oliver Ranch dwindled to 250 over a 65-day period, as a 
result of eagle depredations. After the eagles were eliminated from these trou- 
ble spots, no other serious losses were reported. Each year early in the fall, 
large numbers of eagles drift into the Trans-Pecos from Arizona and New 
Mexico; for this reason constant effort is made to destroy them. Cas- 
paris’ personal records of eagle and coyote kills from reports made to the Big 
Bend Eagle Club, an organization of about 100 ranchmen, which finances eagle 
control by piane are presented in Table 4. Three other smaller clubs (at Mara- 


TaBLe 4.—Annual predator kill of the Big Bend Eagle Club. 


Year Eagles Coyotes Bobcat Panther 
1941-1942 657 187 
1942-1943 667 197 
1943-1944 1,008 310 2 
1944-1945 800 297 
1945-1946 867 297 25 


1946-1947 


819 257 25 


thon, Marfa, and Kent) contribute toward eagle control. As indicated in the 
table, most of the control activity has been in the past four years. 

Sight records of predators killing antelope in the Trans-Pecos are few. 
During 1941 to 1947 while killing predators, Casparis saw eagles carrying 
carcasses of antelope fawns on two occasions. Two records of eagles killing 
antelope were also made by A. R. Williams between 1929 and 1937. On June 
7, 1930, he saw an eagle catch and kill a fawn about one month old; then fly 
to the nest with it. Williams (1937) states that he counted skeletons of 25 
young antelope around the nest. On May 21, 1931, he observed an eagle 
killing a fawn about three days old; eagles were seen feeding on antelope car- 
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casses at other times. Fisher (1942) reports observing from an airplane an 
eagle attack the hindmost of 36 antelope that were being driven toward a trap. 
The antelope appeared to be a nearly grown fawn. Each time the eagle struck 
the antelope it darted from beneath the blow; finally, the eagle was chased off 
by the piane. 

Recently, on May 31, 1946, Pierce B. Uzzell examined five eagle nests on 
the Joe Bishop Ranch, 20 miles south of Marfa. Two were of 1946 make and 
the others were of the preceding year. Three nests that were within reach 
were closely examined and found to contain mostly jack rabbit remains. One 
nest had a kid-goat leg bone and the femur perhaps of a mule-deer or antelope 
fawn. The Bishop Ranch had no antelope, but it was near the W. B. Mitchell 
restock project and the W. W. Bogel Ranch which had a sizable population of 
native autelope. One old eagle nest, examined by the writer on June 6, 1947, 
was situated on a high ledge overlooking excellent and well-populated antelope 
country. Bones of jack rabbits were abundant; a pocket gopher skull was 
found. The nest had not been occupied recently. Although the eagle prob- 
ably had used the nest at some time while antelope were plentiful during the 
past 5 to 10 years, no pronghorn bones were found. 

Only one recent record of a coyote killing an antelope is available for the 
region (Table 2). 

In Colorado Lehti (1947) found a fresh carcass of a doe antelope, about 
22 months of age, that had been killed obviously by eagles. Another report 
from Colorado, however, indicates that eagles are not necessarily serious pred- 
ators of antelope. Elliott (1947) had 15 fewns under close observation from 
June 2 to June 19 on the Colorado Antelope Refuge. No losses from predators 
occurred, although four fresh eagle nests and four old ones were found within 
the refuge. Examination of the remains in the nests showed no evidence of 
antelope-fawn depredation; the contents of one nest consisted entirely of cot- 
tontail and jack-rabbit remains. 

During the winter of 1937-1938, Murie (1940) observed coyote-antelope 
relationships in the Yellowstone National Park. He states that the antelope 
were in good condition because of relatively scant snowfall and an unusual 
amount of available winter food. Furthermore, there was much carrion from 
other animals and the coyotes were not hungry. Murie concedes that an ante- 
lope is occasionally run down by a coyote, but suggests that the individual may 
be sick or aged, a factor not often taken into consideration. Since antelope 
and coyotes existed together in large numbers in early days, Murie believes 
that the antelope must be constituted to take care of themselves under usual 
circumstances. He observed antelope being chased by coyotes; and, in turn, 
antelope chasing coyotes. On one occasion 24 antelope were seen resting 150 
yards from where 2 coyotes were lying down. Instances of antelope being 
chased by coyotes are not considered important, the antelope taking any slight 
excuse to express their exuberance by dashing wildly over the hills. 

Robinson and Cummings (1947) made some interesting observations on 
coyote-antelope relationships in the Yellowstone National Park in June 1946, 
but found no predation on antelope. 
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Elliott S. Barker, State Game Warden of New Mexico, presents some 
evidence of apparently heavy coyote predation in the discussion of Kartchner’s 
(1941) paper given at the Sixth North American Wildlife Conference. The 
experiences in New Mexico follow a pattern similar to that found in western 
Texas. Control of eagles and coyotes in both States seems to have permitted 
the antelope populations to build up. Barker (personal communication) states 
that it has been the observation of the New Mexico Department of Game and 
Fish over a long period of years that coyotes and golden eagles not only kill 
antelope fawns but often adults as well. On ranges at elevations of over 6,000 
feet, the coyote exerts his greatest influence in winter after a rather-deep snow 
has thawed somewhat and then freezes over each night enough that coyotes can 
run on the crust whereas antelope break through. Depredations of coyotes are 
terrific under these conditions and adult antelope are killed as well as the 
weaker fawns. Field men have observed golden eagles attacking adult ante- 
lope, and Barker has personally found adults that nad been killed by golden 
eagles where signs in the snow were as conclusive as if the attacks themselves 
had been seen. 


Errington (1946) states that there may be some reason for believing that 
predation can have a significant influence on the population levels of at least 
some wild ungulates. He quotes Riter (1941) that the increase of antelope in 
Oregon followed a reduction in the coyote population. At this time, however, 
the pronghorns were suffering the handicap of underpopulation (Einarsen 
1939) and the effects of predation were felt more keenly. 


In Arizona a steady decline (Arrington 1947) occurred in the fawn-doe 
ratio, from .66-1 in 1941 to .25-1 in 1944. The serious fawn loss became con- 
spicuous during trapping operations in the winter of 1944-1945 when only two 
of 100 antelope trapped for transplanting were fawns. Eighty-four percent 
were three years old or older, indicating poor fawn survival for at least two 
years. In a special study on the Anderson Mesa, a large area of the antelope 
summer range was thoroughly predator-trapped in 1945 before fawning time. 
Another large adjacent section was left untrapped. Later surveys proved much- 
better fawn survival in the trapped area. However, rainfall data showed that 
for three years the average precipitation during the summer preceding the 
mating season, had been much lower than the average for the past 15 years. 
Commenting on this information, Arrington states: “As with other animals, 
green feed is a requisite for high breeding potential. Possibly this was a criti- 
cal factor in antelope reproduction for those three years.” 


Einarsen (1948) reported evidence of three coyote killings of antelope, one 
adult and two fawns; two kills by bobcats; and an excellent observation of a 
coyote stalking a fawn, only to be driven off by two adult does. He saw coy- 
otes searching persistently on Oregon ranges for fawns during the first month 
of their lives. From his personal records, observations by the Oregon Coopera- 
tive Wildlife Research Unit personnel, and coyote dropping analyses by Murie 
(1940), Einarsen concludes that the coyote prefers fawns as food, as it can 
cbtain them with less danger, and that this predator can be a serious menace 
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to antelope populations. He states: “Where remnant herds exist and an in- 
crease of numbers is desired, the control of the coyote is obviously necessary. 
But under normal conditions predation perhaps is rarely a factor in determin- 
ing survival.” 

According to Nelson (1925), experience with restocking experiments 
showed that bobcats and coyotes must first be destroyed before antelope can 
be perpetuated on fenced ranges, even in game refuges covering large areas. 
Antelope within such areas fall easy prey to predatory animals, particularly 
during heavy snowstorms. One band of 64 antelope on the National Bison 
Range*in Montana was completely destroyed by wandering predatory animals 
which drove them into snow drifts and killed them without difficulty. Nelson 
(1925) reports that a full-grown buck in good condition was killed during a 
sriow storm by a bobcat which leaped upon its back. 

Beer (1944) attributes increases in Montana to abandonment of farm lands 
during droughts and to improved range conditions. 

The incomplete and contradictory nature of the above-discussed information 
en antelope-predator relationhips clearly indicates that there is still much tc 
be learned about the importance of coyotes and eagles in holding down ante- 
lope populations. Although these predators doubtlessly kill some young 
antelope and an occasional adult, insufficient quantitative data are available 
to serve as a basis for final conclusions. The effect of predators varies with 
population levels of both predators and antelope, climatic conditions such as 
cepth of snow, the prevalence of small mammals, and the abundance of carrion. 
In the Yellowstone National Park, antelope and coyotes seem to get along 
together, perhaps because the antelope population is firmly established in sufh- 
cient number to absorb coyote depredations or because enough carrion from 
elk, deer, antelope, and other animals exists on the range in winter. In Ore- 
gon, New Mexico, and Arizona, antelope populations have increased atter 
coyote control, the golden eagle playing a minor and perhaps insignificant role 
in these States. On the other hand, antelope increased in the Trans-Pecos 
Region after control of both golden eagles and coyotes. Texas pronghorn pop- 
ulations are thought to have increased as a result of eagle control, but other 
States have found the coyote a greater menace than the eagle. 


The large apparent increase in the pronghorn population west of the Pecos, 
from 692 head in 1924 to 3,888 head in 1938, cannot be directly correlated 
with any one factor. The combined efforts of Government trappers, individual 
ranchmen, and game warderis do not seem to have had a decisive effect on the 
predators, since sheep ranchmen still complained of serious losses in 1939. 
Probably the predator control previous to 1941 helped the low antelope popu- 
lation to increase, but it appears unlikely that the limited control of predation 
was entirely responsible for the marked increase. It was not until after preda- 
tor control through use of airplanes was effectively organized in 1941 that a 
close correlation between antelope increase and effective control was established. 


Even this correlation, however, may not represent a cause-and-effect rela- 
tionship. From 3,888 head estimate in 1938 the antelope increased to a popu- 
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lation of 6,300 in February 1947, with a harvest at the same time of about 
3,000 head in trapping and legal hunting. The increase correlates as closely 
with climate as with predator control. While the factor of climate is not obvi- 
ous, it may be mote important than predation. Records of rainfall at Alpine 
from 1900 to 1931 show an average of 14.27 inches annuaily, with an average 
of 6.08 inches during the three-month period from June through August, pre- 
ceding the antelope mating season. Over the 6-year period from 1941 to 1946, 
the mean annual rainfall was 20.06 inches, with an average of 8.82 inches 
from June through August. After the excellent rainfall in 1940 and 1941, 
the pronghorn population increased so that 65 percent more fawns were trapped 
in 1941 than in each of the two preceding years (Fisher 1941). Conforming 
with good rain conditions since then, 37 percent of the antelope trapped in the 
fall and winter of 1946 were fawns, whereas the percentage was 33 in 1941 and 
enly 20 in 1939 and 1940. 

The two confounding factors of predator control and favorable climate 
make it impossible to assign the correlated antelope increase to either one. In 
all probability both factors contributed, but the relative importance of each 
cannot be determined. 


PARASITES AND DISEASE 


With the exception of losses on two sheep ranches through malnutrition, 


the antelope were healthy and vigorous during the period of study. 


PARASITES 


The seriousness of stomach-worm (Haemonchus contortus) infection in 
Trans-Pecos antelope has been grossly overemphasized by the ranchmen, game 
wardens, and laymen in the region. Infections sufficiently large to be patho- 
logical are associated with heavy overgrazing and malnutrition. While stomach 
wotms may be the determining cause of death in antelope suffering from lack 
of something to eat, it does not necessarily follow that all cases of die-off on 
cvergrazed sheep ranches are due to the parasite. The fact that some ranch- 
men never drench their sheep for storaach worms indicates that these parasites 
do not infect dry ranges of the Trans-Pecos Region so readily as more-moist 
areas to the east. Stomach worms were found in four antelope on three sepa- 
rate cattle ranches. The usual number was 3 to 5; one buck contained 12 
worms. These light infections did not appear to affect the health of the ante- 
lope. According to Dr. I. B. Boughton, Texas Agricultural Experiment Sta- 
tion, who was kind enough to identify the worms, cattle in the Trans-Pecos 
Region often carry a moderate infection of Haemonchus, indicating an ever- 
present possibility for antelope to become parasitized. 

William T. McKean (Department of Veterinary Science, State College 
Station, Fargo, North Dakota) informed the writer (correspondence) that 
during the summers of 1944 and 1945 conditions were ideal for the survival 
of many internal parasites of antelope and sheep in South Dakota. Severe 
losses occurred in both species, especially among young animals. The most- 
frequent-occurring worm in antelope was the common stomach worm, which 
was found in both stomach and small intestine in quantities believed by the 
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Bureau of Animal Industry men to be pathogenic. The range lands were too 
heavily stocked with sheep. Labor was scarce and poor flock management 
resulted. Since there were many thousands of shcep to one antelope, McKean 
believes the infection was from sheep to antelope. Concerning the same infes- 
tations, Harland Means, Leader of Big Game Research, South. Dakota De- 
partment of Game, Fish and Parks, informed the writer (correspondence) 
that analyses were made of nine antelope specimens, all in fair to good con- 
dition and all males except two. The numbers of parasitic worms were small 
in comparison with those in sheep. The highest infestation occurred in a four- 
year-old female in which 7,900 specimens of H. contortus, 78 of Nematodirella 
longispiculata antilocaprae, and 3,400 of Trichostrongylus colubriformis were 
found. Means states that N. /. antilocaprae apparently occurs only in 
antelope as does one coccidian as yet unidentified. Further study is being 
made on antelope parasites in South Dakota. 

The coccidian (Eimeria antilocaprae) was described (Huizinga 1942) from 
200 oocysts from an antelope (killed by a car) and two fecal specimens col- 
lected near Laramie, Wyoming, in 1941. 

An unusual parasite, of which the pronghorn may be the principal host, 
is Pseudostertagia bullosa. Sheep are apparently infected from antelope, but 
the parasite is too rare to be of serious consequence. Lucker and Dikmans 
(1945) summarize the information on this trichostrongylin stomach worm and 
also report the following other nematodes from antelope: Cooperia bisonis, 
Nematodirus abnormalis, Marshallagia marshalli, T. colubriformis, Nemato- 
divus spathiger, and H. contortus. A single male specimen of Trichuris, ten- 
tatively identified as T. discolor, is also reported. 

The tapeworm, Moniezia expansa, was identified in Texas antelope by the 
late H. L. Van Volkenberg (Texas Agricultural and Mechanical College) 
in 1940; only three specimens were found in the small intestine of one animal. 
Large numbers of a blood-sucking strongyle of the genus Nematodirus were 
aiso found. In a letter to Walter P. Taylor, Van Volkenberg stated that the 
Nematodirus was undescribed and that it was possibly new. 

In autopsies of 13 antelope Rush (1932), in the Yellowstone National 
Park, found that 6 had necrotic ulcer in the mouth (foxtail mouth); all had 
teeth decayed to a greater or lesser degree; 4 had lungworms (Dictyocaulus 
sp-); 2 had intestinal nematodes (Ostertagia sp. and Nematodirus antiloca- 
prae); 1 had tapeworms (Moniezia sp.) ; and all had wood ticks. 

Ticks were seldom found on antelope in the Trans-Pecos Region. Two 
species were found on a dead doe on January 24, about 10 days after death. 
These were the spinose ear tick (Ornithodoros megnini), found deep in the 
ear channel, and the winter horse tick (Dermacentor nigrolineatus), found in 
abundance crawling on the head and various other parts of the body. E. W. 
Laake of the U. S. Bureau of Entomology Laboratory at Kerrville, Texas, 
made the identifications. 

The filariid worm, Onchocerca flexuosa, was reported from subcutaneous 
tissues of an antelope from Salmon River, Idaho, by Dikmans (1933). This 
is possibly the same species as the foot worm (O. cervipedis) of deer. No 
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foot worms were found in 52 antelope examined by Herman and Bischoff 
(1946). 
DISEASE 

No reliabie records are available to indicate the occurrence of any serious 
diseased condition in the Trans-Pecos antelope population at any time. Many 
antelope died during the severe drought from 1933 to 1935, but this was basi- 
cally from starvation, rather than disease, and it is not known whether any 
disease accompanied the malnutrition. The few 1solated cases of disease dis- 
cussed below are insignificant as mortality factors. 

Pink eye, caused by the bacterium Hemophilus bovis, is reported here on 
the basis of descriptions made by the writer to J. W. Dollahite, veterinarian 
at Marfa. On September 28 a 1.5-year-old buck was found on the Gage 
Estate, 5 miles east of Marfa. The left eye was completely blind; the right 
was nearly so, a milky-white membrane having clouded almest all of the 
cornea. The buck was emaciated and unsteady, acting as if completely blind, 
and relying on scent and sound to keep himself away from the danger of man. 
With the help of two other men, the writer was able to slip a rope over his 
head and tie his feet. “The buck died of shock and exhaustion from struggling 
while being taken on a 20-mile drive in search of a veterinarian. No drainage 
was present around the eye, indicating that the disease was in a late stage. 
Analysis of the stomach content showed a normal diet. Another buck, killed 
during the 1946 hunt on the Otis Kimball Ranch, 15 miles northeast of Alpine, 
showed a blinded condition apparently identical with that described above. 
At this time pink eye was prevalent among the cattle of the area. 

Two cases of death caused by some kind of intestinal disorder were reported 
in the spring of 1947. The first occurred on April 22 when a doe was exam- 
ined shortly after death by O. Frank Etheredge and Cary Bennett, Regional 
Inspector, Federal Aid to Wildlife Restoration. The symptoms in this case 
were identical with those of the second as follows. An old buck, collected 
by Mrs. A. R. Williams on May 4, was examined thoroughly by Dollahite. 
The body temperature was 103.5” F, which was not necessarily indicative of 
fever, since the hot sun and excitement could easily produce this temperature. 
All of the internal organs looked normal except the kidneys, which were 
unusually light in coior; the small intestine was irritated and the abomasum 
kad numerable hemorrhages. Since the buck had stopped ruminating, the food 
remained in the rumen without passing on, and the intestinal tract was practi- 
cally empty. The case was diagnosed as an intestinal disorder that may have 
been caused by an irritant plant, either poisonous or not. The animal iight 
have had a bacterial disease of the intestines, but the apparent lack of fever 
precluded this supposition. 

Although antelope eat four plants, locoweed, woolly senecio, Riddell ground- 
sel, and paper flower, poisonous to livestock, only locoweed is known to have 
harmful effects. Early in June 1946 A. J. Bierschwale, Head of the Animal 
Husbandry Department at Sul Ross State Teachers College in Alpine, found 
an apparently locoed doe running aimlessly in the College Pasture. Its eyes 
did not function properly; both direction and depth of perception were uncon- 
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trollable. Bierschwale finally succeeded in killing it with a rock at close range. 
One other case, also diagnosed only on the basis of description, was reported 
tc Dollahite. This was a buck killed on the Ponder Ranch, 15 miles northeast 
of Marfa, near the ranchhouse where it was seen frequently. 


Both species of Senecio are known to be poisonous to cattle, but do not 
seem to harm sheep (Mathews 1933). On the other hand, paper flower is 
deadly to sheep and harmless to cattle (Mathews 1934). Pronghorns were 
observed eating large quantities of all three species; in fact, they are staple 
foods of the animal. 


Hemorrhagic septicemia was reported in antelope by Williams (1937) on 
the basis of three blood tests made at the Turner Laboratory in El Paso. The 
writer interviewed George S. Turner personally concerning this diagnosis. No 
records were available at the laboratory showing that the tests had been made. 
If tests were made, Turner pointed out, they would have been simple cultures 
to identify the species of bacteria involved. This would not have been a reli- 
able test, since the only positive means of determining the disease is by inject- 
ing the blood of tine sick animal into a healthy laboratory animal and finally 
recovering the bacterium if the latter shows symptoms of the disease. Turner 
did not recall any case of hemorrhagic septicemia; he did remember sending 
Williams some 100-cc injections of 50-percent glucose for treating antelope 
that were starving during the great drought of 1933-1935. When stimulated 
by the injection, individuals prostrate and dying, got up and ran off, according 
to Williams. 

Rush (1927) describes the condition of a two-year-old buck that died in 
captivity at Livingston, Montana, on February 28, 1926. The Montana Live- 
stock Sanitary Board diagnosed the case as miliary tuberculosis. 


Commenting on diseases in antelope, Skinner (1922) reports that the ani- 
mals are particularly susceptible to actinomycosis or lumpy jaw. 


Fox (1929) reports hemorrhagic pancreatitis and degeneration of the spinal 
cord in a male pronghorn. 


As the data presented here indicate, much investigation is needed before 
the significance of the many diseases and parasites of antelope can be deter- 
mined. Apparently some of them may have an important influence on antelope 
populations under certain conditions, but there is no evidence of any. serious 
epizootic in Texas. 


LIMITING FACTORS 


The most-important limiting factor to antelope increase and distribution at 
the present time is the intense food competition from domestic sheep. Recent 
increases in the number of sheep in the region have caused hundreds of ante- 
iope to die when confined to these ranches by sheep-proof fences. Moreover, 
occupation by sheep has eliminated several millions of acres of formerly suit- 
able antelope range. Were it not for the sheep industry with its recent expan- 
sion, the antelope population could be greatly increased. There of course is 
still much room for their expansion on cattle ranches. 

On sheep ranches not heavily overstocked, the available food supply limits 
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the antelope population level. This is evident on a few sheep ranges where the 
antelope hold their own but do not appreciably increase or decrease. 


When antelope numbers were low, it is possible that predators prevented 
population increase. The effects of predation are obscured by interlocking 
with those of illegal hunting and unfavorable weather conditions. Probably 
the correlation of antelope populations with adverse weather is more nearly a 
cause-and-effect relationship than that of predation. 


During the drought (1953-1935), starvation was a serious decimating fac- 
tor. Undoubtedly this factor will continue to be important with expected 
periodic droughts in the future, causing fluctuations of considerable magnitude 
in the antelope population. 


EssENTIALS OF THE ANTELOPE RANGE 
FOOD 

The dependence of antelope upon green forbs and browse requires that 
these animals range on cattle ranches where this food is available, rather than 
on sheep ranches where forbs are seriously depleted. While the game may 
exist on a few sheep ranches, their numbers are rigidly curtailed by the limited 
food supply. 

Under existing range conditions south slopes are necessary to provide sufh- 
cient quantities of food throughout much of the year, particularly in late fall 
and winter. 


No determinations of the amount of antelope food required to support a 
given number of animals per unit area have been made. Seemingly this infor- 
mation would be of value in determining the carrying capacity of antelope 
range and the forage requ nents of ranges available for restocking. At the 
present time the forage suit | ‘lity of prospective antelope release sites is based 
upon the personal judgment c. wildlife technicians. 


COVER 
Rolling hills are essential for antelope success on any range in the Trans- 
Pecos Region. These are utilized for protection from cold north winds and 
blizzards during the winter and as fawning grounds in the spring. Both hills 
and undulating topography are used for escape cover. Where available, yuccas, 
scrub vegetation, and woodland also provide such cover. 


Large treeless areas are an important requisite for good antelope range; 
low brush or mesquite trees, however, do not offer a serious handicap. At 
higher elevations among the Davis Mountains in both the Oak-Juniper and 
Pinon-Juniper Life Belts, antelope have prospered well in transplant areas on 
broad intermontane savannas. Rough, completely wooded terrain proved 
unsuitable when an experimental transplant was made on the Sproul Ranch, 
& miles northwest of Fort Davis. Small areas of woodland are desirable when 
associated with grassland. Shade cover provided by oak, cedar, yuccas, and 
various shrubs is eagerly sought by antelope; but is not a necessary requirement. 
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WATER 
Water must be present either within the given pasture, or in adjacent and 
accessible pastures. The popular conception that antelope will not drink from 
concrete troughs or tanks appears to be without foundation, since they have 
teen observed taking water from such structures. 


The range lands are so-well provided with water by windmills, gasoline 
pumps, and earthen tanks that water is a limiting factor only on parts of large 
pastures. Antelope prefer not to walk far for water, and refrain from using 
areas remote from water. One area, 9 miles east of Marfa, on the Gage Estate 
Ranch was abandoned temporarily when a nearby windmill ceased functioning. 


JUXTAPOSITION 


Juxtaposition in the sense used by King (1938) means that all of the 
requirements of a species are distributed within the cruising radius. Ante- 
lope have a rather-small daily cruising radius, usually not over two miles. The 
actual lineal distance traveled in one day seldom exceeds five miles within this 
radius. While it is highly desirable to have the essentials of food, cover, water, 
and even such special factors as salt, within the daily range, antelope are more 
flexible than many other animals in their juxtaposition requirement, as they 
readily shift their range to meet the necessities of life. Three or four days, or 
perhaps longer, may be spent in a small area away from water; a herd of 12 was 
cbserved to do this in a small pasture 13 miles west of Alpine. Pronghorns 
were also noted to shift their ranges periodically to areas of highest rainfall and 
best vegetation. Rains are so sporadic that one part of a ranch may receive 
a good supply of moisture while others remain dry. On some ranches antelope 
may range 5 to 10 miles to utilize greener pasturage. 


The minimum area suitable for restocking purposes, according to the Texas 
Game, Fish and Oyster Commission, is 10,000 acres. While this much acre- 
age is preferable, less-extensive areas are suitable for small populations, provided 
the requirements of life are met therein. 


INTERSPERSION 


Interspersion (King 1938) is the distribution of food, cover, and water in 
such a manner that each unit of a range can produce its share of the total 


population of game. 


Since many blank spaces exist in the Trans-Pecos antelope range as a whole, 
interspersion is far from perfect. Much of the former antelope range has been 
rendered completely unsuitable through overgrazing with sheep and invasion 
by creosote bush. These areas cannot now be considered available range. 
Other blank areas exist on cattle ranches where antelope were extirpated long 
ago through hunting and are prevented from returning by barriers such as 
highways, railroads, and sheep ranches. These potential pronghorn ranges must 
be stocked through transplants if the maximum population for the region is to 
be realized. 


i 
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Range Use 
METHODS 
ANTELOPE-MIN UTES 


The term “antelope-minute,” used as a unit of behavior, signifies the equiv- 
alent of one antelope engaged for one minute; in this section of the treatise the 
term is applied only to feeding activity and indicates time devoted to ingesting 
material of a given plant species. 

Analogous terms have been employed in feeding studies on deer (Dixon 


1934; Haha 1945) and livestock (Cory 1927). Three variations of the “time- 
observation” method were employed in the present study: 


1. Actually seeing (with binoculars, telescope, or the unaided eye) the 
antelope feed on trees, shubs and shrubby perennial forbs, and flowers. Feed- 
ing upon forbs and grasses would rarely be observed except when watching pets. 


2. Pin-pointing exact spots of feeding. This procedure provides good 


timing on individual species of plants. 


3. Spotting a small area where at least one minute of feeding took place. 
Clippings on plants of several species may occur in these areas. It is then 
necessary to examine all the freshly clipped plants and estimate the amount of 
time spent on each species. Proficiency in this is increased by field experience 
and watching pets. Many of the antelope feeding minutes reported herein fall 
into this category. Information from such estimates is probably within the 
limits of the method as a whole, as the method itself possesses many inherent 
limitations. 


Some of the limitations of the method are as follows: 


1. The amount of food consumed during one minute of feeding time on 
a thorny browse species, such as javelina bush, is far less than the amount con- 
sumed in the same time spent on a succulent forb, such as deervetch. 


2. Since it is often impossible to see which of several plants is being con- 
sumed because the view is obstructed by other plants, such as tall grasses, 
shrubs, or forbs, as well as rocks, it is necessary to estimate the amount of 
feeding time spent on the different species on the basis of the amount of 


clipping. 
3. More minutes are accumulated on readily visible shrubs and shrubby 


perennials than on small forbs and grasses that are mostly hidden from view 
when working with wild antelope. 


_ 4. Antelope are such delicate feeders that extreme difficulty is experienced 
in finding clippings, even when the place of feeding has been carefully spotted. 


5. Antelope move about so much while feeding, spending little time at 
any one spot, that a rather-large amount of time is required to secure a signifi- 
cant number of antelope-minutes. 
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6. Clippings are more-readily seen on forbs than on grasses. 


7. The nervous disposition of wild antelope makes close approach for 
good observation difficult. Most of the minutes must be taken at a distance 
of 100 to 500 yards. With extreme caution herds can be approached to within 
200 feet or less, if spreader dams, hills, and shrubs provide cover. 


On the other hand, the minutes method has some distinct advantages which 
make it valuable for studying forage utilization by game animals. Among 
these are: 


1. A wide range of biotic communities and physiographic habitats can be 
covered. 


2. Only one man is required to operate the method in the field. 


3. The method is economical, since it requires only one man and little 
equipment. 


4. It may be employed on private land where other utilization methods are 
not permitted. 
5. The qualitative data are precise, showing exactly what the animals eat. 


6. The quantitative data, though subject to considerable error due to the 
varying rates at which different plants are consumed, are sufficiently accurate 
to furnish reliable information on the amounts of forage consumed in such 
classes as grasses, forbs, and browse. 


It is the opinion of the writer that under conditions existing in the Trans- 
Pecos Region, where only a small amount of browse is available, the method is 
adequate for quantitative determinations of the amounts of grass, browse, and 
forbs consumed, since the problem is mostly one of quantity of grass versus 
forbs, and the time required to consume a given amount is approximately the 
same for either. 


Determination of palatability ratings based directly upon numerical values 
secured by the minutes method is considered not feasible. Preference ratings, 
which differ from palatability ratings in that they do not imply utilization 
under proper range use, in the present report are given in broad categories of 
poor, fair, good, and excellent. These ratings are based upon numbers of 
antelope-minutes, frequencies with which respective plants were selected, and 
availabilities of the plants in the several seasons. 


A 6-power binocular and a 20-power telescope were used for antelope- 
feeding observations. 


A collection of plats, comprising most of the 242 species known to b2 
consumed by Trans-Pecos pronghorns, has been deposited in the S. M. Tracy 
Herbarium at the Texas Agricultural and Mechanical College. Plants collected 
were actually clipped by antelope in the process of feeding. 
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CLIP PLOTS 


To determine the effect of sheep on the availability of antelope food plants, 
a series of clip plots was made on each of three ranches. The ranches were in 
the Brewster Hills biotic association. One was grazed by pronghorns and 
cattle; one by pronghorns, cattle, and sheep; and one by sheep only. On each 
ranch, 20 quadrats of one square meter each taken at random were clipped as 
close to the ground as possible. The plants of each species on each plot were 
placed in a separate paper bag, air-dried, and then weighed to the nearest tenth 


of a gram. 
STOMACH ANALYSES 


A total of 89 stomach-content samples was collected, 86 during the October- 
1946 hunt, one on January 28, and two on March 11. The method of analyz- 
ing the stomach samples was similar to that employed by Norris (1943) in his 
analyses of sheep stomachs, except that volume, rather than weight, was used to 
determine percentages of food items. 


The samples were collected in quart jars, a 4-percent solution of formalin 
being added as a preservative. Samples varied in size from 0.25 to 1 quart. 
Digestive juices and finely digested particles were first thoroughly removed by 
tunning tap water over the sample on a millimeter-mesh sieve. In this manner 
about one-third of the collected material was washed down the drain. Binocular- 
microscopic examination of the materials washed from the samples revealed 
grasses and forbs in about the same percentages as those of the coarser material 
held back by the sieve. Much of the material was digested beyond recognition. 
The content left after washing was separated under water in a glass container 
by using forceps and the sorted particles were placed in water in Petri dishes. 
The identifiable remains of forbs and shrubs were placed in a separate dish for 
each species, grass was placed in one dish, and unclassifiable forb-and-browse 
materials in another. Volumes of the various items were determined by water 
displacement in a graduate cylinder, anything less than one cc being recorded 
as a trace. Grass was separated out as fully as possible; but small amounts, 
varying from traces to one percent, remained in the large quantity of material 
designated as “forbs and browse unclassified.” When the amount of grass was 
neat one percent, as determined by microscopic examination, this volume was 
deducted from the unclassified material and applied to the volume of grass. 


Analyses of sheep stomachs made by Norris (1943) after the sheep had 
been fed a known diet, indicated that quantitative data are of little value, 
although the qualitative information is accurate and useful. Whereas the 
percentages representing the various species of plants in the antelope stomachs 
may not be highly accurate, the percentages for broad groups, such as grasses, 
forbs, and browse, seem to be fairly reliable. A variation in the rates of diges- 
tion of grasses and forbs seemingly might cause considerable error; succulence, 
rather than the class of plant, appeared to determine the rate of digestion. 


Because of variation in the rates of digestion for the different plants and in 
the ease with which they could be separated and identified, no attempt was 
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made to apply direct numerical palatability ratings on the basis of stomach 
analyses. The data from these analyses serve only to indicate the preference 
of antelope for various food plants in early autumn. 


ANIMAL-UNIT EQUIVALENT 


In the northern part of the pronghorn range, Rasmussen, Smith, and 
Doman (1941) have shown that 9.62 antelope are equal to one mature cow. 
Using a conservative figure of 850 pounds for the average weight of a cow in 
the Trans-Pecos Region and dividing this by the average weight of 90.5 pounds 
for antelope, the animal unit equivalent is 9.39. 


In the present study the average weight of both buck and doe antelope was 
used to determine the animal-unit equivalent, rather than that of mature does 
alone. This gives a more-conservative figure, or fewer antelope per cow, than 
obtained by using only does. The true antelope-unit equivalent can never be 
determined with a high degree of accuracy This follows because conditions 
vary so much with seasonal changes, climate and weather, range vegetation, 
stocking rates, and numerous other factors. Furthermore, it is doubtful whether 
absolute precision 1s necessary for the purpose of investigating competitive rela- 
tionships between various groups of animals. 


FORAGE-HABITS STUDIES 
FOOD HABITS 


By the antelope-minutes method, 228 species of plants were found utilized 
by the pronghorn, including 160 forbs, 53 browse species, and 15 grasses. An 
additional 14, consisting of 8 forbs, 3 shrubs, and 3 grasses, was found in 
stomach samples. Antelope food plants are listed (Table 5), together with 
data concerning their chief seasons of utilization, availability, antelope-minutes, 
abundance in stomach analyses, and preference ratings. The antelope-minutes 
information is summarized by seasons in Table 6. As seen from the totals in 
this table, the food comprises 66.6 percent forbs, 29.7 percent browse, and 3.7 
percent grasses over a period of one year. These figures are based on 3,044 
antelope-minutes representing 4,956 observations. Analysis of 89 stomach sam- 
ples showed 2.00 percent grass, as shown in Table 7. Since the grasses could 
not be satisfactorily separated by species, all the grasses were grouped together 
for records of volume and percentage. 


Important year-long foods included stemmed bitterweed, cutleaf daisy, side- 
oats grama, blue grama, Dalea frutescens, Eriogonum tenellum, Gaura coccinea, 
deervetch, paper flower, coneflower, and woolly senecio. These staple foods 
were accompanied by various others in the several seasons. 


Seasonal use of plants varies not only with availability, but also with the 
appetites of the antelope themselves. At some seasons plants highly palatable 
at other times may be neglected almost completely. Buddleja scordioides, for 
example, was taken in abundance only in the fall, when it became important 
browse. Where other plants were available on ranges not seriously overgrazed, 
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Name of Plant Z 5 
Abutilon parvulum Spring 
Acacia greggii—B Spring 
Acacia sp —B Autumn 
Acalypha lindheimeri Summer 
Achyranthes repens Summer 
Aclesianthes longiflora Autumn 
Actinea linearis var. scaposa 
(Stemmed Bitterweed) All 
Adolphia infesta—B Spring 
Allium kunthii Spring 
Aloysia ligustrina 
(White Brush)—B Autumn 
Amaranthus hybridus Summer 
Andropogon barbinodis 
(Feather Bluestem )—G Spring 
Andropogon scoparius 
(Little Bluestem )—G Spring 
Anoda cristata Autumn 
Aphanostephus humilis 
(Poorland Daisy) Spring 
Aplopappus spinulosus 
(Cutleaf Daisy) All 
Arabis fendleri Spring 
Aristida divaricata 
Poverty Three-awn)—G Autumn 
Aristida purpurea 
(Purple Three-awn)—G Autumn 
Aristida wrightii—G Winter 
Artemisia mexicana (Sage)—B Spring 
Asclepias nummularia Spring 
Asclepiodora decumbens Spring 
Aster leucelene Winter 
Aster tanacetifolius Autumn 
Astragalus emoryanus 
(Peavine) Spring 
Astragalus mollissimus 
Locoweed Summer 
Baccharis bigelovii—B Spring 
Bahia pedata-B. absiuthifolia 
var. dealbata Autumn 
Bellis integrifolia Srring 
Berberis trifoliata 
Agarita) —B Spring 
Berlandiera lyrata Autumn 
Boerhaavia intermedia Spring 
Boerhaavia linearitolia Summer 


Bouteloua chondrosioides 
(Woolly-spiked Grama)—G Autumn 
Bouteloua curtipendula 


(Side-oats Grama)—G All 
Bouteloua eriopoda 
(Black Grama)—G Autumn 


TasLe 5.—Antelope food plants and preference ratings. 
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tant Arizona and New Mexico range plants compiled by the Interagency Range Survey Committee (New 


Mexico Agricultural and Mechanical Colleze) , 


B*—browse, G—grass. 
T*—trace. 


X°—volume for grasses was not measured by species. 
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Antelope- Minutes 


| Min- 
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| Volume 
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Bouteloua gracilis 
(Blue Grama)—G 
Bouteloua hirsuta 
(Hairy Grama)—-G 
Bouvardia ternifolia 
Brayulina densa 


Brickellia californica—B 


Brickellia sp.—B 
Buchloe dactyloides 
(Buffalo Grass) —G 
Buddleja scordioides—B 
Capsella pubens 
Carlowrightia pubens 
Castilleja integra 
(Indian Paintbrush 
Castilleja tortifolia 
Celtis reticulata 
(Hackberry )—B 


Chamaesaracha conioides 
Chamaesaracha coronopus 


Cheilanthes alabamensis 


Chenopodium berlandieri 


Chrysactinia mexicana 
(False Damiana )—B 


Cirsium undulatum (Thistle) 


Clematis drummondii 
(Virgin’s Bower)—B 
Clematis filifera—B 
Cologonia angustifolia 
Cologonia longiflora 
Cologonia pulchella 
Commelina crispa 
(Widow’s Tears) 
Condalia lycioides 
(Lotebush) —B 
Convolvulus incanus 
(Hoary Bindweed) 
Corydalis aurea 
Croton corymbulosus 
(Goatweed) 
Croton neomexicana 
Cryptantha palmeri 
Cucurbita foetedissima 
(Gourd) 
Dalea frutescens—B 
Dalea jamesii 
Dalea neomexicana 
Dalea pogonanthera 
Dalea polygonanthera 
Dalea wrightii 
Descurania pinnata 
var. typica 
Desmanthus cooleyi 
(Prairie Mimosa) 
Desmodium grahamii 
(Tick-trefoil ) 
Dichondra argentea 
Dichondra brachypoda 
Ditaxis neomexicana 
Dyschoriste linearis 
Dyssodia acerosa—B 
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Taste 5—(Continued) . 


Preference Antelope-Minutes Stomach Analyses Preference 
Ratings Ratings 
Name of Plant 2 as 5 26 Ef = B 
Dyssodia greggii—B Spring Low 2 1.0 I 
. E Dyssodia pentachaeta Winter Medium 4 0.7 6 4 03 F 
Echinocactus horizon- 
thalonus—B Spring Low 2 0.3 P 
; Echinochloa colonum—G Spring Low 1 0.3 P 
Engelmannia pinnatifida Summer Medium 22 4.2 G 
Ephedra pedunculata—B Winter Medium 6 4.5 Fr 
Ephedra trifurca 
b (Mexican Tea)—B Winter High 5 4.4 r F F 
E z § Erigeron divergens (Fleabane) Summer Medium 21 a G P F 
Erigeron  udiflorus 
(Fleabane ) Winter High 105 72.0 3 4 -«£ 
Eriogonum abertianum 
(Wild Buckwheat) Summer Mediam iS $35 12 8 07 G P F 
Eriogonum polycladon Summer Low 2 0.3 F P 
o FP Eriogonum rotundifolium Summer Medium 2 1.0 13 1 01 G P F 
Eriogonum tenellum 
P P (Wild Buckwheat)—B Winter High 78 54.5 26 211 1.76 ' P F 
Eriogonum wrightii—B Winter High 17 6.2 4 5 04 G F F 
Erodium cicutarium Spring Low 1 2.0 F 
Erodium texanum Spring Low 1 0.5 F 
Eryngium heterophyllum Spring Medium 156 41.8 1 T E 
Euphorbia albomarginata Summer Medium 8 4.7 7 4 .03 F P P 
Euphorbia lata Summer Medium 5 0.4 P P P 
P P Euphorbia serpens Autumn Medium 19 25 a F P P 
Euphorbia serpyllifolia Summer Medium 7 3.7 1 T P P P 
P P Euphorbia spp Summer Medium + 1.5 10 7 06 P P P 
P Pp Evolvulus pilosus Summer Medium 80 8.1 G 
Evolvulus sericeus 
var. discolor Summer Low 6 0.6 F 
Fallugia paradoxa 
(Apache Plume )—B Autumn Medium 12 2.7 2 1 01 F F 
Flourensia cernua 
(Blackbrush )—B Summer High 3 2.1 5 4 .03 , o o 
a a Gaillardia pinnatifida Spring High 21 10.7 G P F 
Gaillardia pulchella Spring Low 1 0.2 F P F 
Gaillardia suavis Spring Medium 5 1.4 ' 
Gaura coccinea All High 159 71.1 13 20 .16 E 
Gilia rigidula Spring Medium 23> 3.9 F 
Gutierrezia microcephala—B Winter High 28 44.0 9 21 G 
Gutierrezia sphaerocephala 
(Broomweed ) Autumi High 37 13.9 45 1135 9.45 G o 
Hedeoma mollis Autum1 Low 1 0.1 F 
Helianthus ciliaris Autum1 Low 1 0.5 Pp 
Hesperidanthus linearifolius Summer Low 9 1.1 7 10 .08 G 
Hilaria mutica (Tobosa)—G Autum1 High 7 3.7 x F F P 
Hoffmanseggia densiflora Summer Medium 3 0.3 
Hoffmanseggia jamesii Summer Medium 6 4.2 F 
Houstonia angustifolia Summer Low 4 1.0 P 
Houstonia sp. Summer Low 1 0.2 P 
Hybanthus verticellatus Summer Low 3 02 P 
Iva dealbata Summer Low 3 15 P 
Juglans rupestris 
(Mexican Walnut)—B Summer Low 10 31.1 G 
Juniperus monosperma 
(One-seeded Cedar )—B Winte: High 31 76.1 6 T G o 
Koeberlinia spinosa 
(Allthorn) —B Spring Medium 3 0.3 P o o 
Krameria grayi —B Summer Medium 5 2.6 F F 
Krameria secundiflora Summer Low 2 0.5 2 7 F 


Larrea divaricata 


Name of Plant 


ability 


Taste 5—(Continued). 
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<2 0 


(Creosote Bush)—B 
Lepidium austrinum 
(Peppergrass ) 
Lepidium densiflorum 
Lepidium sordidum 
Lepidium lasiocarpum 
var. wrightii 
Leptoloma cognatum 
(Fall Witch Grass)—G 
Lesquerella agryrea 
Liatris punctata 
(Blazing Star) 
Linum aristatum (Flax) 
Lithospermum incisum 
(Puccoon) 
Lotus oroboides (Deervetch) 
Lycurus phleoides 
(Wolftail) —G 
Lygodesma texana 
Macrosiphonia hypoleuca—B 
Macrosiphonia macrosiphon—B 
Malva neglecta 
Marrubium vulgare 
(Hoarhound) 
Melampodium leucanthum 
(White Daisy) 
Menodora longiflora—B 
Menodora scabra—B 
Mentzelia multiflora 
(Stickleaf) 
Microrhamnus ericoides 
(Javelina Bush) —R 
Mimosa biuncifera—B 
Mimosaceae (Acacia, Des- 
manthus, and Mimosa)—B 
Monarda pectinata 
Nama hispida var. spathulata 
Nolina texana (Bear 
Grass or Sacahuiste )—B 
Oenothera albicaulis 
(Evening Primrose) 
Oenothera brachycarpa 
var. wrightii 
Oenothera greggi 
Oenothera triloba 
Oenothera spp. 
Opuntia engelmannia 
(Prickly Pear)—B 
Opuntia imbricata 
(Cane Cactus)—B 
Opuntia leptocaulis 
(Tasajillo)—B 
Opuntia macrocentra 
(Prickly Pear)—B 
Oxalis albicans (Sheep Sorrel) 
Palea microphylla 
Panicum bulbosum —G 
Panicum obtusum 
(Vine Mesquite )—G 
Panicum sp.—G 
Paronychia jamesii 
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Rhus 


Name of Plant 
Parthenium lyratum—B Summer Low 4 1.1 1 1 01 F 
Penstemon fendleri Spring Low 6 0.4 3 2 -02 P 
Petaria scoparia Spring Low 1 0.4 P 
Phacelia congesta Spring Low 1 0.4 P 
Phacelia popei Spring Low 1 0.4 P 
Phlox mesoleuca Spring Low 2 0.2 P 
Phyllanthus polygonoides All Medium 58 7.9 9 6 05 G 
Physalis hederaefolia Autumn Low t 2.1 2 4 .03 G 
Physalis lobata Autumn Low 1 3 .02 P 
Pinaropappus roseu3 Winter Medium 35 5.6 G 
Plantago rhodosperma Spring Medium 5 1.5 F 
Polygala longa Summer Low 33 2.9 k 
Polygala macrodenia Summer Low 1 0.1 Pp 
Polygala obscura Autumn. Low 1 0.2 P 
Polygala scoparioides Summer Medium 15 9.7 2 1 01 G 
Portulaca oleracea Summer Low 3 0.5 11 2 02 F 
Portulaca pilosa Summer Low F 
Prosopi; glandulosa 
(Me.quite)—B Summer Medium 9 6.2 + 1 01 F 
Pseudocymopteris montanus Spring Low 4 2.0 P 
Psilostrophe tagetinae 
Paper Fiower) All High 128 324.8 41 115 .96 E 
Psoralea tenuiflora 
(Scurvy Pea) Summer _ Low 4 1.9 
Ptiloria pauciflora Summer Low 1 0.1 
Quercus emoryi 
(Emory’s Oak) —B Spring Medium 13 4.5 
Quercus grisea (Gray Oak)—B Spring Medium 22 24.7 F 
Ratibida columnaris 
(Coneflower ) All Medium 38 13.5 1 T G 
micronvhvlla 
(Small-leaved Sumac)—B Summet Low 2 1.0 r 
Rhus trilobata (Skunkbush)—B Summer Low 3 0.4 Pp 
Rhus virens 
(Evergreen Sumac)—B Summer Low 1 0.1 Pp 
Rhvnchosia texana 
(Rosarybean ) Summer Medium $3 14.6 23 17 
Salvia lentoohylla—B Summer Low 1 2.0 1 
Selenia disecta Spring Low 1 2.0 P 
Selloa glutinosa Summer Low 2 1.3 
Senecio longilobus 
(Woolly Senecio) —B All High 164 127.7 57 213 1.77 
Senecio riddellii 
(Riddell Groundsel )—B All High 44 29.5 
Sida hastata Summet- Medium 12 29 
Sida lepidota Summer Low 4 0.4 4 1 Ol 
Sida neomexicana Summet Medium 188 35.0 2 T G 
Sida procumbens Summer Medium 16 23 14 > 06 * 
Simsia calva Summet Low 27 73 ( 
Siphonoglossa_pilosella Summer Low 23 4.5 
Solanum elaeagnifolium 
(Silverleaf Nightshade) Summer Low 5 0.7 
Solidago sparsiflora 
(Goldenrod) Summer Low 1 0.5 
Sorghum halepense 
(Johnson Grass) —G Summer Low 20 5.7 F 
Sphaeralcea angustifolia Summet Medium 10 10.7 5 
Sphaeralcea coccinea Winter Medium 27 9.1 
Sphaeralcea leptophylla Winter Low 1 2.0 
Stenandrium barbatum Spring Low 1 0.1 
Talinum aurantiacum Summer Low 7 
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Tasre 5—(Continued). 
Antelope-Minutes Stomach Analyses Preference 
Ratings 
Taraxacum officianale 
(Dandelion) Summer Low 1 0.1 P 
Tetraclea coulteri Summer Low 4 1.1 F 
Teucrium lacinatum Autumn Low 3 2.0 1 1 01 P 
Thamnosma texana Autumn Low 8 2.5 4 1 01 F 
Thelesperma longipes Autumn Low 2 0.4 P 
Thelesperma megapotamicum _ Spring Low 13 0.8 P 
Thelypodium micranthum Spring Low 3 0.7 P 
Townsendia exscapa Spring Low 2 0.6 P 
Tradescantia wrightii 
(Spiderwort ) Spring Low 4 4.0 F 
Tragia stylaris Summer Medium 52 5.3 4 2 .02 F 
Tribulus terrestris 
(Puncture Plant) Summer Low 54 185.2 E 
Triodia pilosa 
(Hairy Triodia)—G Summer Medium + 0.5 < P P P 
Verbena neomexicana Summer Low 8 1.5 F o P 
Verbena wrightii Summer Medium 9 7.4 2 F o Ff 
Vicia exigua (Vetch) Summer Low 2 0.2 1 F E E 
Viguiera cordifolia—B Summer Low + 1.1 F 
Viguiera longifolia—B Summer Low 9 1.1 F 
Viguiera stenoloba—B Summer Low 4+ F 
Yucca elata—B Spring High 7 6.5 2 T P PP 
Zexmenia hispida Summer Low 1 0.1 P 
Zinnia grandiflora All Medium 3c 6.2 20 9 .07 F 
4.956 3,044.1 794 3,328 27.71 


Total 


cutleaf daisy, paper flower, and woolly senecio were taken only in limited quan- 
tities after the spring flora became available. Such deferment of grazing and 
browsing on important fall and winter species gave these plants an opportunity 


to grow. 


No differences could be detected in special physiological needs of the differ- 
ent age classes through the seasons. Adults, yearlings, and fawns apparently 
all utilized the same forage. No differences could be found between the foods 
of does and bucks, although their phsyiological needs would appear to be some- 
what different, bucks requiring certain minerals for the production of large 
horns and does requiring special foods for the nourishment of the young. 
Perhaps the principal reason that the different sexes and age classes eat the 
same foods on present-day ranges is because they are forced to do so. If the 
vegetation were in climax condition, a far wider selection would be possible of 
certain foods by sex and age classes. 


SUMMER 

The antelope-minutes data for summer (Table 6) were delimited by the 
calendar dates; the summer foods, however, were utilized from late spring to 
early fall, with some variation among certain species. Some plants became 
more available as the seasons progressed; others were restricted to the strictly 
estival aspect of the flora. 
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Based on observations on 119 species of plants for a total of 579 antelope- 
minutes, summer forage consisted of 67.5 percent forbs, 26.9 percent browse, 
and 5.6 percent grasses. Some of the favorite summer foods were: Cutleaf 
daisy, virgin’s bower, Dalea frutescens, D. jamesii, D. wrighti, prairie mimosa, 
Dyschoriste linearis, Engelmannia pinnatifida, Euphorbia spp., Evolvulus pilo- 
sus, brooimweed (Gutierrezia sphaerocephala), Hesperidanthus linearifolius, 
white daisy, stickleaf, prickly pear, sheep sorrel (Oxalis albicans), clammy 
ground cherry (Physalis hederaefolia), Polygala scoparioides, paper flower, 


Taste 6.—Antelope forage consumption. 


No. of Antelope Minutes No. of Antelope Minutes No. of Antelope Minutes 


Species No. % Species No. o Species No. %o 
Class Summer Autumn 
Forbs 78 391 67.5 76 211 55.5 
Browse 30 156 26.9 21 143 37.6 
Grass 11 32 5.6 8 26 6.9 
Total 119 579 100.0 105 380 100.0 
Class Winter Spring Total 
Forbs 48 654 65.8 126 771 70.7 160 2027 66.6 
Browse 22 329 33.1 42 27 25.5 53 906 29.7 
Grass 9 11 1.1 15 42 3.8 15 111 $.7 
Total 79 994 100.0 183 1091 100.0 228 3044 190.0 


tosatybean, woolly senecio, Riddell groundsel, Sida neomexicana, S. procum- 
bens, S. hastata, Simsia calva, Tragia stylaris (Fig. 11), puncture plant (Trib- 
ulus terrestris), and Viguiera stenolaba. Of the grasses, feather bluestem, side- 
cats grama, and blue grama were preferred. 


All palatable and available parts of the plants were consumed, including 
stem leaves, stems, basal leaves, flowers, and fruits. Antelope have a patticu- 
lar fondness for flowers and fruits. The flowers of cutleaf daisy, white daisy, 
stickleaf, paper flower, and woolly senecio were taken in large quantities. 


Of the 119 plants included in the summer diet only about 30 were of 
major importance. Cutleaf daisy, woolly senecio, and paper flower, while 
staple summer foods, were not utilized so extensively as during the late fall and 
winter months. Virgin’s bower and D. frutescens constituted the favorite 
browse species. Other species of Dalea, rosarybean, deervetch, and prairie 
mimosa were highly relished. Probably these legumes are highly nutritious, 
and doubtless form one of the most-important groups of plants in the diet. 
After the flush of early spring flora, D. linearis, white daisy, Sida spp., sheep 
sorrel, P. scoparioides, S. calya, and puncture plant were taken in large amounts. 
Strangely enough, these plants were scarcely used while an abundance of other 
species of the vernal aspect were available. This permitted these species to 
make good growth before the dry and unproductive season from April to July. 
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In late summer stickleaf and broomweed became increasingly valuable. The 
flowers and fruits of stickleaf provided a special attraction and were seldom 
passed up. Broomweed was taken in surprisingly large quantities, the tender 
tips and blooms constituting most of the food. 


The small pads and the fruits of both species of prickly pear were eaten 
frequently during the warm weather, perhaps as an important source of water. 
Almost every day the semitame antelope on the U Up and Down Ranch were 
seen eating small prickly-pear plants. First the pads were pawed several times; 
then the entire pads were eaten, including spines. At times pads were taken 
into the mouth and rubbed against the ground to weaken the spines. The 
fruits of prickly pear, and later of cane cactus, also provided an interesting 
source of food and water. 


AUTUMN 

Autumn forage of the antelope consisted of 55.5 percent forbs, 37.6 per- 
cent browse, and 6.9 percent grasses, based on observations on 105 species ot 
plants for a total of 380 antelope-minutes. Stomach analyses showed 14 addi- 
tional species utilized as autumn forage. 


After the first killing frost many summer favorites were no longer avail- 
able. Progressively throughout the fall the following plants became increasing- 
ly important: Stemmed bitterweed, Adolphia infesta, cutleaf daisy, Buddleja 
scordioides, virgin’s bower, Dalea frutescens, D. jamesti, D. polygonanthera, 
D. wrightii, Mexican tea, fleabane, Eriogonum tenellum, E. wrightii, deervetch, 
javelina bush, paper flower, woolly senecio, Riddell groundsel, Sphaeralcea an- 
gustifolia, and S. coccinea. 


The highest grass consumption during the entire year was in late summer 


Fig. 11.—Buck feeding on Tragia stylaris, a fair forage species. U Up and 
Down Ranch, 10 miles northwest of Fort Davis. June 16, 1947. 
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and early fall before the grasses began to cure following heavy frosts. This is 
the season of the greatest rainfall and most-productive growth. The fresh 
heads of the grama grass were specially relished. The beneficial effects of the 
animals foraging heavily on paper flower and woolly senecio (poisonous to 
livestock), as well as other weeds, more than offsets any harm done by eating 
valuable grasses. After the grama grasses cured, antelope made little use of 
them and seem to prefer almost any green forb or browse. Although forbs 
became relatively scarce, they were carefully sought out. 


WINTER 


Respective percentages of forbs, browse, and grasses in the winter forage 
were 65.8, 33.1, and 1.1, based on records of 994 antelope-minutes observation 
of 79 plants. The extremely low percentage of grass is perhaps in error, since 
fresh clippings are difficult to recognize on dry, cured grasses. One stomach 
sample, January 28, contained 7 percent grass; one, March 11, 6 percent; and 
another of the same day, 7 percent. These percentages are high as compared 
with the average of 2 percent found in October; they indicate that the consump- 
tion of grass in winter is greater than the antelope-minutes show. It was the 
writer's impression that when grasses began curing early in November, less 
grass was taken than at any other time of the year, probably because green 
forbs and browse still remained available. Buddleja scordioides was notably 
important at this season. From midwinter on, when the vegetation was at its 
lowest the antelope seemed to consume more grass. Green forbs at this time 
of year consisted mostly of basal leaves of fleabane, Gaura coccinea, cutleaf 
daisy, and paper flower. 

In the Oak-Juniper Life Belt, cedar was used more in winter than at any 
other season, being an important winter food where available in sufficient quan- 
tities. Other important winter browse species were B. scordioides, javelina 
bush, and woolly senecio. The Buddleja was practically unavailable after the 
first severe snowstorm which began on December 30. 


Locoweed remained green all winter and took on vigorous growth in late 
winter; it was seldom eaten at this season, although it was found pawed up by 
antelope on several occasions. Nearly every individual plant of the noxious 
weed was pawed up in one broad area of several acres. 


Sacahuiste was taken only in winter. Although cattle resort to this plant 
in winter as a nutritious winter emergency food, antelope make little use of it. 
Rarely the leaves of yucca were also used. 


Gutierrezia microcephala remained green and available through the winter, 
yet this species was only slightly utilized. When new basal leaves appeared in 
late March, the plant was taken more readily. 


On broad flats, cutleaf daisy and paper flower constituted the most-impor- 
tant winter food. Stemmed bitterweed was important in the Rolling Hills 
Association along with Gaura coccinea, Oenothera spp., and fleabane. In the 
Brewster Hills Association a wide variety of forbs supplied an abundance of 
palatable food all winter, including wild buckwheat (Eriogonum tenellum), 
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cutleaf daisy, stemmed bitterweed, fleabane, Oenothera spp., Dalea polygonan- 
thera, D. wrightii, and deervetch. 

While snow was on the ground antelope resorted to larger quantities of 
green woolly senecio; the dried stems and old flower parts of broomweed, stick- 
leaf, and groundsel; old heads of grama grasses; dried leaves of goatweed 
(Croton corymbulosus); green leaves of C. neomexicana; and browse species 
such as javelina bush, Mexican tea (Ephedra pedunculata and E. trifurca), 
and sacahuiste. Many favorite forbs were available beneath the snow, yet little 
attempt was made to paw away the snow to obtain them. 


Late in February, early annuals such as alfilaria, Erodium, and Selenia 
disecta became available. Early spring flowers (fleabane, Aster leucelene, puc- 
coon, and white daisy) were eagerly sought when they began appearing about 


the middle of March. 


SPRING 


Pronghorns were observed feeding on plants of 183 species during the 
spring for a total of 1,091 antelope-minutes. Forbs were again the most-impor- 
tant group of plants used, constituting 70.7 percent of the diet. Browse 
formed 25.5 percent and grasses 3.8 percent. 

A special study was conducted on the afore-mentioned, formerly tame, 
buck and doe during the spring and summer of 1947. Over a period of eight 
man-days in the spring 585 antelope-minutes were listed; nearly 500 more were 
recorded during the summer. These data appear in Tables 5 and 6 along with 
those on wild antelope. The semitame antelope instinctively selected the same 
principal plants in the same proportions as the wild animals, together with 
several others available in the draws of the Oak-Juniper Life Belt. Some of 
the species utilized in the draws such as hackberry, Acalypha lindheimeri, Colo- 
gonia angustifolia, C. pulchella, and Dichondra brachypoda, were choice plants 
for the semupets, but were not important over the range as a whole. The spe- 
cial study on the semitame antelope conformed with field studies on wild 
antelope. Of the feeding time recorded on the former pets, 4.0 percent was 
devoted to grasses, 65.4 percent to forbs, and 30.6 percent to browse. 


Important spring forbs were poorland daisy (Aphanostephus humilis), pea- 
vine, Chamaesaracha conioides, Commelina crispa Convolulus incanus, Cryp- 
tantha palmeri, Dalea pogonanthera, Dalea wrightii, prairie mimosa, Eriogonum 
abertianum, E. rotundifolium, Eryngium heterophyllum, Evolvulus pilosus, 
Gaillardia pinnatifida, G. suavis, deervetch, evening primrose (Ocenothera spp.), 
Oxalis albicans, plantain (Plantago rhodosperma), Polygala scoparioides, 
rosarybean, Sida spp., and Tragia stylaris. Browse in the form of tender new 
growth became available for a short time in spring on plants that were not 
utilized at any other time of the year. Such browse species included catclaw 
(Acacia greggii), lotebush, allthorn, and Mimosa biuncifera. The most- 
favored grasses were those highest in succession, particularly feather blustem, 
side-oats grama, and fall witch grass. The common grama grasses (blue, 
hairy, and black) abundant on the range today, were definitely lower in the 
scale of antelope preference ratings. 
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FEEDING HABITS 


Unlike domestic stock, antelope move constantly while feeding. Usually 
feeding time was recorded in seconds. The animals made no attempt to utilize 
all of the available palatable forage in any one small area; instead they moved 
about in a capricious manner, leaving an abundance of food well distributed 
over their range. Where forbs were scarce, as on heavily grazed flats, consid- 
erable walking while feeding was necessary to secure adequate daily require- 
ments. Antelope feeding habits are advantageous in that they tend to distrib- 
ute grazing pressure widely over the range. 

On numerous occasions the semitame antelope were observed continually 
from daylight to dark. They spent practically all their feeding time eating 
torbs and browse, usually taking only an occasional nip of grass. Sometimes 
during the day as much as five minutes were devoted to steady feeding upon 
grasses, the grass apparently forming an essential element in the diet. The 
grasses most preferred were those with broad blades. 


Water is generally taken once, and usually only once, each day when it is 
conveniently available. Antelope may go for several days, or even weeks, with- 
out drinking water; during the winter less water is taken than in the hot spring 
and summer seasons. The semitame antelope were observed drinking once 
each 24 hours. They drank 3 to 5 minutes at seepage water in draws, from 
dirt tanks, or at a concrete water tank near the ranchhouse. 


Considerable water is secured from prickly-pear cactus as well as other 
succulent plants. This adaptation to semiarid conditions probably enabled 
the antelope to wander far from streams and springs before civilization pro- 
vided widely distributed water supplies. Amtelope seem to have retained their 
ability to subsist on small amounts of water, making little use of the abundance 
of water distributed over most ranches today. 


Antelope were seen drinking water on only 2 of the 11 days when daylight- 
to-dark activity studies were made. They were seen drinking on a few other 
occasions, showing no obvious preference for dirt tanks or concrete structures. 


On 20 occasions, pronghorns were observed licking salt. They appear to 
enjoy it and may at times become a nuisance to ranchmen by depleting salt 
supplies placed on the range for livestock. The longest period of observation 
occurred on the Petan Ranch, 28 miles southwest of Marfa, where a herd of 
20 antelope was seen taking salt irregularly from 7:20 a.m. to 10:15 a.m. At 
times 4 or 5 were simultaneously occupied at the salt trough. 


RESULTS OF STOMACH ANALYSES 


Analyses of 89 antelope stomach samples revealed plant materials repre- 
senting 97 identified and several undetermined species. These samples were 
taken during the 1946 hunting season, and represent nearly all of the prong- 
horn habitats in the Trans-Pecos. In a total of 12,004 cc of washed material 
the forbs, browse, and grasses were meticulously separated and individual 
species were identified whenever possible. This required about 25 man-days. 
As shown in Table 7, a large volume of forbs and browse was unclassified. 
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Taste 7.—Summary of antelope stomach analyses. 
Number of Fre- Volume Per- 
Classification 
Species quency (c.c.) centage 

Forbs and browse 

(unclassified ) 78 8.437 70.29 
Forbs (classified) 64 89 2,831 23.58 
Browse (classified) 22 89 497 4.13 


Grass 11 89 239 2.00 


Total 97 12.004 100.00 


While it was possible to recognize stems and fiber material as browse or forb, 
it was impossible in much of the material to determine the species. Particular 
attention was given to separating as much grass from this material as possible, 
leaving in most cases only a trace of grass. 

The unclassified forb-and-browse material represented 70.29 percent of the 
total contents by volume, classified forbs 23.58 percent, classified browse 4.13 
percent, and grasses 2.00 percent. Of the total number of species, 64 were 
forbs, 22 browse forms, and 11 grasses. The percentages in forage consump. 
tion compare closely with those obtained in the antelope-minutes method, except 
that browse is represented by a significantly lower figure in the stomachs, owing, 
perhaps, to inaccuracies in both methods. The greater amount of time neces- 
sarily spent on browses to obtain a certain amount of food would naturally in- 
dicate an abnormally high percentage of the material by the minutes method. 

Most of the plants identified in the stomachs were also encountered in the 
antelope-minutes method. Preference ratings were also indicated in the stomach 
analyses, those species that were most abundant and most frequent in occur- 
rence being the most preferred. Important species were: Poorland daisy, cut- 
leaf daisy, Bahia pedata, B. absinthifolia var. dealbata, Buddleja scordioides, 
virgin’s bower, widow’s tears, Dalea frutescens, D. wrightii, prairie mimosa, 
Dyschoriste linearis, wild buckwheat (Eriogonum tenellum), Euphorbia spp., 
broomweed, white daisy, stickleaf, Mimosaceae (including species of Acacia 
and Mimosa), cane cactus, paper flower, rosarybean, woolly senecio, Sida pro- 
cumbens, and Zinnia grandiflora. 


POISONOUS PLANTS 


The antelope consume rather-large portions of four kinds of plants poison- 
ous to livestock—locoweed, peavine, woolly senecio, and paper flower. 

Locoweed is utilized in the spring and summer, but not always without ill 
effects. When sufficient quantities are taken, pronghorns show symptoms sim- 
ilar to those in locoed cattle and may die from the effects of the locoine 
poisoning. 

Peavine toxicity to livestock varies with the type of soil, being lethal on 
limestone soils (Mathews 1940). Wherever antelope used this plant they 
appeared to suffer no harmful effects. The forb is relished in the spring at 
which time it is abundant. 

Woolly senecio, poisonous to cattle but not to sheep (Mathews 1933), 
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forms a staple browse for antelope throughout the year. During the summer 
young fawns, as well as adults, eat large amounts of it with no apparent ill 
effects. 

Paper flower, poisonous to sheep but apparently not to cattle (Mathews 
1934), is another staple, year-long food. Without it, pronghorns would be- 
come hard-pressed on some of the ranges at critical periods in winter. The 
antelope seems well-adapted to feeding on this plant since no symptoms of 
poisoning were ever observed. 


CoMPETITION STUDIES 
COMPETITION WITH CATTLE 


The degree of competition is to some extent indicated by a comparison of 
the preference ratings listed in Table 5. As a rule plants preferred by ante- 
lope are not well-liked by cattle. The keenest competition is in the utilization 
of certain grasses and highly nutritive forbs that form a portion of the cattle 
diet. Of 103 species of antelope food plants, 21 are unpalatable and 51 poor 
for cattle, whereas only 28 are poor for antelope. Most of the plants unsuit- 
able for livestock fall into the fair and good preference ratings for the prong- 
horn. This inverse relationship indicates the small degree of actual competi- 
ton between these two animals. Livestock food plants in the excellent class 
include mostly grasses; antelope food plants in this class are mostly forbs. 


Competition between antelope and sheep or cattle is more-accurately indi- 
cated by comparing forage-consumption data (minutes method) for the respec- 
tive groups. Livestock forage-consumption percentages, based on three years 
of observation on the Edwards Plateau at Sonora, Texas, were taken from 
Cory (1927). It may be argued that the vegetation of the Edwards Plateau 
is not comparable to that of Trans-Pecos in species composition and abundance 
of the various classes of range forage. The vegetation in the Trans-Pecos con- 
sists of considerably less browse and more forbs than on the Plateau. Nearly 
all of the browse on the Plateau is liveoak (Quercus virginiana), shin oak (Q. 
breviloba), and ill-scented sumac (Rhus trilobata). Oaks and sumac provide 
little browse in the Trans-Pecos, the livestock probably spending less time 
browsing and more time on forbs here than on the Plateau. It is assumed for 
the purpose of this paper that the total amounts of browse plus forbs consumed 
by cattle in both regions are approximately the same. The work of Bierschwale 
(1947) at Alpine indicates that the Trans-Pecos cattle may consume slightly 
larger amounts of grass, and thereby compete less with antelope. 


Cattle are primarily grass consumers, while antelope are mainly forb feeders. 
According to Cory, cattle graze on forbs about 7 percent and browse about 8 
percent on a year-long basis. Antelope feed on grasses nearly 4 percent of the 
time, making a total competition of 19 percent (Buechner 1948) (Fig. 12). 
Preliminary reports (Buechner 1947 a, b), based on incomplete data, indicate 
a competition of 25 percent. The discrepancy of 6 percent is not great; either 
figure may be properly used, since the inevitable errors involved in the data do 
not permit ultra-refinement. It is noteworthy that when the 2-percent grass 
consumption shown in the antelope stomach analysis is used in the calculations, 
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rather than the 4 percent derived from antelope-minute observation, the compe- 
tition is only 17 percent. 

The insignificance of competition between antelope and cattle for grasses is 
illustrated on the former rifle range at Fort D. A. Russell, 1 mile southwest of 
Marfa. Here four square miles of land have not been grazed by livestock since 
1941. Between 30 and 40 antelope utilize the area at the present time; during 
the winter (1946-1947) they ignored rank growths of blue grama, black grama, 
and side-oats grama and chose instead the green forbs, including cut- 
leaf daisy, Gaura coccinea, paper flower, Sphaeralcea coccinea, spiderwort 
(Tradescantia wrightii), Aster leucelene, and white daisy, and browse plants 
such as Dyssodia acerosa, woolly senecio, Buddleja scordioides, and broomweed 
(Gutierrezia microcephala). Much woolly senecio was dry, with no green 
leaves, yet the sterns were relished. Littie grass was consumed in this area at 
any time of the year. 


COMPETITION WITH SHEEP 


The relatively more-serious competition between sheep and antelope is: undi- 
cated by the larger number of antelope foods that fall into the fair preference 
class for sheep, as well as the smaller number in the poor class. Here again, 
the data give only a rough picture, and a comparison of the minutes food-con- 
sumption data provides more-accurate quantitative information. Cory found 
that sheep feed about 19 percent on forbs and 10 percent on browse. The 
smaller amount of browse available in the Trans-Pecos, as with cattle, is prob- 
ably compensated for by greater utilization of forbs and grasses. Together 
with 4 percent grazing on grasses for antelope, this makes a total competition 
of 33 percent. Actually the competition is greater than this percentage indi- 
cates, as the sheep ranches are usually so overstocked that the forbs are nearly 
eliminated. When trapped and confined to heavily grazed sheep ranges by the 
construction of sheep-proof fences, antelope are literally enclosed in a death 
trap, and populations are reduced to mere remnants or are completely elimi- 
nated within a few years. Most sheep ranchmen are not concerned over the 
decline or total loss of antelope. On several sheep ranches (R. K. Merrill 
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and j. W. Merrill Ranches near Fort Davis, Yates and Nichols Ranches near 
Alpine, Scott Keeling Ranch near Van Horn) in the Trans-Pecos Region ante- 
lope are holding their own. These ranches are conservatively grazed as com- 
pared with most sheep ranches in the region. Under the conditions of severe 
overgrazing that exist on many Trans-Pecos ranches, competition offered by 
sheep against antelope may be better expressed by 100 percent than any lesser 
figure since insufficient suitable forage is left for pronghorns. Sheep are able 
to exist on closely cropped grasses when supplied with supplementary rations 
during the winter. 


Antelope die-offs on sheep ranches have been observed in numerous cases 
by Texas Game, Fish and Oyster Commission biologists. The writer witnessed 
one die-off during the winter of 1946-1947 as follows. On the Cole Longley 
Ranch, 10 miles southwest of Marfa, in the Rolling Hills Association, 29 ante- 
lope were present on 28 sections of sheep range in the fall of 1946. Sheep 
had been established on this ranch for about two years. Many more antelope 
were present before the fence was netted to make it sheep proof. Some escaped 
while the fence was being constructed; others escaped after the fence was com- 
pleted. Possibly some jumped over the fence, but probably most of them 
ctawled under at a water gap or some faulty place in the fence. There was 
some evidence in the fall that the antelope were not in healthy condition. A 
mature buck and a mature doe were found dead in January; the cause of death 
could not be determined but the doe looked as though she might have died 
from some intestinal disorder, since the rump was covered with dried feces 
that indicated severe diarrhea; both carcasses were infested with ticks. Two 
does and one buck were present in a seven-section pasture for more than a year. 
The does failed to raise fawns in 1946 for some unknown reason. These ante- 
lope were observed feeding on three occasions. In January they appeared 
shaggy and in poor condition. All three were unusually tame and walked off 
reluctantly when approached. Once they were feeding near the road and con- 
tinued to feed when the car was parked about 50 yards from them; it was 
necessary to sound the horn to make them run off a short distance. Overstock- 
ing with sheep had eliminated most of the palatable forage for antelope. At 
one time the three antelope were seen stuffing themselves on the dried leaves 
and old remains of thistles; they spent much time searching for the few remain- 
ing small green plants of Aster lecelene. About February 18 one of the does 
died, followed a few days later by the buck. The remaining doe was seen on 
March 28, at which time she appeared to be fairly healthy; at this time the 
spring vegetative growth had become sufficient to supply her with adequate 
food. In another pasture, 12 sections in area, all but 3 of 24 antelope died 
shortly after the second severe snowstorm of the season, which began on Janu- 
ary 16. Evidently these antelope also died from lack of sufficient food. The 
pattern of slow starvation for a year or two followed by a large loss at the most 
critical season of the year when food is scarcest is typical of what has occurred 
on many sheep ranches in the Trans-Pecos. 


Summaries of 20 clip quadrats taken on each of three ranches to show the 
influence of sheep on the range are presented in Table 8. The ranch having 


(2) 
pe- 

es iS 
st of 

ince 

ring 

ma, 

cut- 

ants 
eed 
reen 
a at 

ndi- 

ence 
ain, 
con- 

und 
The 

rob- 

ther 

tion 

ndi- 

arly 

the 

eath 

imi- 

the 

rrill 


340 


THE AMERICAN MIDLAND NATURALIST 


Tasce 8.—Clip quadrat summary showing influence of sheep on the range. 


Name of Plant 


rence 
Aclesianthes longiflora 3 
Actinea linearis var. scaposa 3 
Amaranti.us sp. 0 
Aplopappus spinulosus 13 
Aristida divaricata 2 
Aristida purpurea 2 
Aristida wrightii 4 
Artemisia mexicana 1 
Aster leucelene 12 
Astragalus molissimus 4 
Berlandiera lyrata 2 
Boerhaavia sp. 1 
Bouteloua chondrosioides + 
Bouteloua curtipendula 13 
Bouteloua criopoda 17 
Bouteloua gracilis 0 
Bouteloua hirsuta 17 
Carlowrightia pubens 1 
Croton corymbulosus 7 
Croton neomexicana 1 
Dalea frutescens 2 
Dalea jamesii 7 
Dalea polygonanthera 6 
Dalea wrightii 2 
Desmanthus cooleyi 4 
Dichondra argentea 1 
Ditaxis neomexicana 2 
Dyschoriste linearis 13 
Dyssodia pentachaeta 5 
Erigeron nudiflorus 3 
Eriogonum tenellum 8 
Euphorbia fendleri 4 
Evolvulus sericeus var. discolor 0 
Gaura coccinea 6 
Gilia rigidula 1 
Gutierrezia sphacrrocevhala 8 
Hesperidanthus linearifolius 3 
Leptoloma cognatum 7 
Lesquerella argyrea 5 
Linum aristatum 3 
Lotus oroboides 0 
Lycurus phleoides 4 
Lygodesma texana 5 
Macrosiphonia macrosiphon 1 
Melamnodium leucanthum 6 
Muhlenbergia arenicola 1 
Notholaena sinuata var. crenata 1 
Oenothera brachycarpa var. wrightii 3 
Panicum hallii 1 
Parvonychia jamesii 3 
Pectis prostrata 0 
Phyllanthus polygonoides 1 
Pinarovanvus roseus 1 
Polveala lindhe'meri 1 
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Sheep 4 Years 
(20 clip quadrats 


Frequency 
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Taste 8.—(Continued). 


Cattle Plus 
Cattle Only Sheep 6 Months Sheep 4 Years 
4 Years (20 clip quadrats ) (20 clip quadrats) (20 clip quadrats) 
- -~ Name of Plant Frequency Frequency Frequency 
; of Occur- Air Dry of Occur- Air Dry of Occur- Air Dry 
Air Dry rence Wt. (gr.) rence Wt. (gr.) rence Wt. (gr.) 
= — Psilostrophe tagetinae 6 5.0 4 1.1 2 0.5 
be Rhynchosia texana 3 3.7 1 0.5 1 0.1 
0.4 Senecio longilobus 5 32.3 4 1 1.8 
" Sida procumbens 9 9.1 9 1.4 2 0.2 
21 Simsia calva 5 20.1 3 1.3 0 
24.1 Thamnosma texana 3 0.7 1 6.3 0 
Tragia stylaris 5 3.7 1 0.1 3 1.0 
29 |  Triodia pilosa 8 31.7 11 59.6 0 
Triodia pulchella 0 1 0.1 0 
0.8 Zinnia grandifiora 2 5.0 2 2.5 1 0.1 
01 Total Grasses 606.4 490.3 255.8 
: Total Forbs and Browse 372.1 152.6 23.6 
41.2 Grand Total 978.5 642.9 279.4 
10.7 
55.4 
3.7 
114.1 had only cattle with the antelope was in the good-condition class; the one 
74 having had sheep for only six months, in fair-condition; and the one having 
05 had sheep for four years, in poor-condition. All three ranches were in the Brew- 
ster Hills Association on the Brewster stony loam soil. Clippings were made 
in late October immediately following the growing season. At this time of 
year the vegetation was at its best and nearly all the plants could be identified. 
All clippings were completed within ten days, and weighed later air dried. Two 
Dr of the ranches were contiguous; the third was 14 miles away. Since the climate 
and soils were similar on all three ranches, differences in vegetative composition 
2.7 and the quantities of each species present were considered to be due to the 
Yr effects of various types and intensities of livestock grazing. 
- The ranch stocked with cattle had the best vegetative compositon and the 
0.2 


greatest bulk of forage. Forbs were represented by 47 species and grasses by 
12 species, with a total air-dry weight of 978.5 grams. Many of the forbs, 
including cutleaf daisy, Dalea jamesii, prairie mimosa, Dyschoriste linearis, Sida 
04 procumbens, and Simsia calva, found on this ranch in abundance provided val- 
uable antelope forage. It is of interest to note here the abundance of these 


oa species as well as the dominants, black, hairy and side-oats gramas and Arist:da 
wrighti. These plants progressively decrease in bulk and density with increased 

08 overgrazing. 
Where sheep had grazed for six months, cattle continued to use the range 
‘i also. The total dry weight of the 20 plots clipped was 642.9 grams; 10 species 


a1 of forbs were completely lacking. Grasses were 19-percent less by weight, and 
forbs 59-percent less, than on the cattle ranch. The reduction of the forbs by 
more than one-half was apparently caused by the introduction of sheep. The 
short period of occupancy by sheep indicates somewhat the rapidity with which 
forbs may be depleted by the foraging of sheep. 
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On the ranch that had been stocked with sheep for four years, only 9 
species of grass and 26 species of forbs were found, representing a 58-percent 
reduction by weight of grasses and a 94-percent reduction of forbs and browse. 
The total air-dry weight of the 20 quadrats was only 279.4 grams. Practically 
no forbs palatable to antelope could be found on this ranch. Of the three 
ranches involved in the study, this was the only one without a population of 
antelope at the time the clip quadrats were taken. The pronghorn could not 
survive the intense competition of the domestic sheep. 


The poor-condition class or low stage in succession on the sheep ranch 
is characterized by the great increase in poverty three-awn and woolly-spiked 
grama accompanied by a conspicuous reduction in the black and side-oats 
gramas. Hairy grama was not reduced appreciably, suggesting that it is less 
palatable or more resistant to grazing than the other dominant gramas of the 
higher stages in succession. 


On the basis of the information presented above, it seems logical that food 
competition between sheep and antelope results in a limitation of the latter 
to the number able to subsist on the amount of forb forage available in mid- 
winter. Where grazing by sheep is not too intensive, antelope may maintain 
themselves. If the utilization of the range by sheep reduces the forage yield, 
particularly that of the forbs, below the threshold requirement of the pronghorn 
population, die-offs are certain to follow. 


RELATIONSHIP TO OVERGRAZING 


Antelope bear an interesting relationship to overgrazing. On overgrazed 
cattle ranches they prosper well, although their diet is greatly altered. On 
overstocked areas of the Marfa Flat Association, the green basal leaves of 
cutleaf daisy and paper flower are the most-important items of food in winter 
when other weeds as well as grasses are not green. These species increase on 
overgrazed ranges, and are important to antelope because they are abundant; 
not because they are highly palatable. Much smaller quantities of these plants 
are consumed on ranges in better condition or in a higher stage of succession, 
as in the Brewster Hills Association near Alpine where the selection of more- 
palatable species can be made. Antelope definitely prefer the excellent variety 
of nutritious legumes, mallows, wild buckwheats, and other forbs found on 
ranges in good condition. Strangely enough, the pronghorn is able to adapt 
itself to the use of the poorer forbs abundant on overstocked cattle ranges. 

The most-striking example of such adaptation was noted on some rolling 
hills near U. S. Highway 90, 12 miles east of Marfa. The antelope remained 
in these low hills most of the winter, retreating to higher hills during adverse 
weather and making occasional trips into the contiguous flats. Black and hairy 
gramas and cutleaf daisy dominated the heavily overgrazed vegetation. 
Throughout the latter part of the fall and most of the winter, the antelope 
lived almost exclusively on cutleaf daisy, which was the only green forb present 
in large quantities. 

Overgrazing by cattle appears to have little effect upon the pronghorn. 
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The game is able to subsist in healthy and substantial populations upon the 
wide variety and abundance of forbs that characterize the overgrazed vegeta- 
tion. Where cattle have greatly reduced highly palatable forbs, such as Gaura 
coccinea, deervetch, Menodora spp., and Simsia calva, weedy species become 
abundant, continuing to supply the antelope with an adequate forb diet. 

From 80 to 90 percent of the antelope range in the Trans-Pecos Region 
is overgrazed at the present time, yet the pronghorn finds no difficulty in main- 
taining relatively high population levels on cattle range. 

That antelope weigh less on the more heavily grazed ranches is indicated 
in the weight data gathered by the Texas Game, Fish and Oyster Commission 
during the three hunts held in 1944, 1945, and 1946. These data are presented 
in part in Table 9. Weight varies with biotic type as well as degree of over- 


Taste 9.—Antelope weights by biotic type and range condition. 
Condition Number Average Dressed 
Class Weighed Weight 


Rolling Hills Association 


Ranch A Fair to Good 17 76.9 

Ranch B Fair to Good 60 72.1 
trewster Hills Association 

Ranch A Fair to Good 99 71.2 

Ranch B Fair 18 69.9 

Ranch C Fair 24 69.7 
Marfa Flat Association 

Ranch A Fair 73 67.7 

Ranch B Fair 18 67.5 

Ranch C Poor to Fair 21 64.7 

Ranch D Poor to Fair 24 64.1 


grazing. The Brewster Hills and Rolling Hills associations are comparable in 
their carrying capacity for pronghorns; the Marfa Flat Association would 
probably support fewer antelope under any conditions. However, it should be 
kept in mind that flats are more subject to overgrazing by cattle than hilly 
lands. Antelope on the better ranges average 71 to 72 pounds (dressed), 
dropping to an average of about 64 pound on the poorer ranges. 

Overgrazing by sheep, as previously discussed, presents an entirely different 
picture. Sheep eliminate the forbs palatable to antelope along with the grasses 
desirable for livestock. On severely overgrazed sheep ranches, the effect is to 
make the range unsuitable for antelope and of greatly decreased value for 
livestock. 

ANTELOPE CARRYING CAPACITY 


Accurate measurements of the carrying capacities of the several biotic asso- 
ciations were not made. Detailed observations on ranches stocked with about 
10 antelope per section showed that at this concentration antelope forage 
maintained its annual growth and cattle forage was scarcely influenced by the 
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presence of the pronghorn. At the same time, this population density provides 
a substantial income to ranchmen who harvest an annual crop of bucks. It is 
entirely possible that the carrying capacity of the range is much greater than 
indicated, but it must be kept in mind that the arid habitat of the pronghorn 
is relatively low in forage production and that every 10 to 15 years periodic 
droughts may be expected to greatly decrease the carrying capacity of the range. 


Furthermore, the ranchman’s interests must be carefully considered. Even 
at the moderate rate of 10 per section, ranchmen generally consider their 
ranges to be overstocked, although their fears are based upon erroneous, pre- 
conceived ideas. It seems advisable, therefore, to suggest 10 antelope per square 
mile as the number suitable for the average ranch in the Trans-Pecos Region. 
The antelope carrying capacity of any given ranch will vary somewhat with the 
type of biotic association and the intensity of livestock grazing, and this must 
be considered in long-time pronghorn management plans. 


The Pronghorn as Big Game in Texas 
ANNUAL HARVEST 


The annual harvest of some 300 to 500 antelope bucks in the Trans-Pecos 
Region approximately meets the demand of Texas hunters. The number of 
applicants for antelope permits is in part limited by the cost of $40 per buck 
paid by the hunter to the landowner. In 1946 the number of prospective 
hunters only slightly exceeded the number of permits issued. Four hunts have 
been conducted since the first open season. The harvest in 1944 was 297; 
1945, 323; 1946, 395; 1947, 578. It is apparent from these figures that the 
harvest is gradually increasing. Insufficient data are available at this time to 
determine accurately the maximum potentiality of the region. As shown in 
the maps of biotic areas (Fig. 2) and antelope distribution (Fig. 1), suitable 
antelope range is limited to a comparatively small percentage of the region. 
The Trans-Pecos could easily supply 500 bucks annually; possibly 1,000 bucks 
or more would not be too many if all available range were stocked to optimum 
capacity. 

The administration and operation of controlled antelope hunts in Texas 
have been discussed in detail in an excellent paper by Lay (1946). The pattern 
is similar to that of other western States which have regulated antelope hunts. 
Aerial-and-ground censuses are made in early spring and summer to determine 
the numbers of mature bucks. The best time for such counts is early July, for 
by that time juvenile mortality has reached a minimum and the population is 
relatively stable. One also has the additional information of the fawn increment, 
which would be either totally lacking or incomplete in spring counts. Hunters 
are assigned to specific pastures each under the supervision of two game 
wardens who check the hunters in and out. Each hunter must have a special 
$5 permit in addition to the regular hunting license, and must also have the 
signature of the ranchman or his agent before being allowed to hunt. The 
special permits are sold on an impartial basis through the main office of the 
State Game, Fish and Oyster Commission. Each year contracts are made with 
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the landowners for removal of specific numbers of bucks, 20 percent of which 
may be assigned to friends or relatives of the ranchman. 


To prevent interference with fall round-up activities, landowners selected 
the first 10 days of October for the hunting season. No better choice could 
have been made. This period follows the close of the mating season and 


precedes the horn-shedding period. 


Practically all antelope hunting in Texas is conducted from cars. Carefully 
planned and well-executed maneuvers are made to bring the vehicles within 
shooting range; often two cars are employed in maneuvering about one herd. 
Shooting from cars and chasing the animals at high speeds are prohibited. 
A hunter may be stationed while a herd is being driven past by cars. During 
the 1946 hunt, one party of five hunters stationed on a broad hill-top shot 
three fine bucks all within 250 yards. Harrassing of the herds by other hunters 
kept the antelope moving, and the hill seemed to form a favorite part of the 
range. Excellent sport is afforded by hilly areas where it is possible to stalk 
the antelope on foot. Many an experienced hunter prefers to hunt in this 
manner, killing his trophy with one well-placed shot through the heart. Much 
ammunition is wasted by inexperienced hunters who shoot at bucks out of 
range, underestimate the speed of these fleet animals and consequently do not 
lead sufficiently, or shoot into running herds. Shooting into herds is forbidden. 
Many antelope are crippled from this practice, including does and fawns as 
well as bucks. Careful instruction before the hunt to distinguish between bucks 
and does leaves little doubt on the part of the hunter when identifying sexes. 
Only about 12 does have been killed during the four hunts. 


Controlled hunts in Texas are successful and satisfactory to both hunter 
and landowner. As a rule, good sportsman-ranchman relationships have existed 
throughout all of the hunts. 


EcoNomIics 


The economic relationships between antelope and livestock are shown by 
combining the figures obtained in the present study with those for livestock 
given by Cory (1927). A graphic comparison is presented in Figure 12. 


That antelope are definitely an asset to the cattle raiser, provided he har- 
vests an annual crop of bucks, can be shown by determining the numter of 
antelope equivalent to one cow in the consumption of cattle forage. Since 
antelope consume only about one-fifth (19-percent competition) of the forage 
utilized by cattle, it takes about 5 times as many antelope (5 x 9.4 or 47) to 
consume as much cattle forage as 1 cow. In addition to the cattle forage, the 
pronghorns must consume sufficient antelope forage to complete their needs. 
The 47 antelope equal to one cow in cattle-forage consumption does not 
represent an absolute numerical value of the competition between the two 
animals; it merely shows that little competition exists between cattle and 
antelope. Using these estimated numerical values again, if all the antelope 
were removed from a ranch stocked at the rate of 10 per square mile, only 
one-fifth of one cow could be added to each square mile in their place. The 
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figures presented here are in every way conservative and the competition is 
probably less than reported. 

One-fifth of the buck population is harvested annually in the Trans-Pecos 
under the supervision of the Texas Game, Fish and Oyster Commission. If a 
sex ratio of 50-50 be assumed, 5 bucks might be harvested from 47 antelope. 
Indications are that more than a fifth of the bucks may be harvested without 
affecting the population level or vigor of the herds. This means that 5 bucks 
could be taken from each 47 antelope even after the sex ratio has been altered 
through annual hunting. At the present price of $40 per buck, the income 
from 5 antelope would be $200. In comparison, one cow would yield about 
$100 at current market prices. This shows an annual profit of $100 to the 
ranchman from each 47 antelope. The writer wishes to emphasize that these 
figures serve merely to illustrate the tangible value of the antelope and that 
they do not represent absolute mathematical calculations that can be applied 
throughout the Trans-Pecos Region. The antelope should be considered an 
economically valuable crop which may be harvested each year. When the 
ranchmen consider these game animals as a regular part of the ranch program, 
the pronghorn will be viewed in its proper perspective to the benefit of both 
ranchmen and sportsmen. 

Supporting these figures in showing the value of antelope to the ranchmen 
is the beneficial effect of keeping down undesirable weeds. Cutleaf daisy tends 
to increase on overgrazed ranges; it is kept in partial check by antelope. The 
poisonous paper flower, woolly senecio, and groundsel are also held in partial 
check. Furthermore, reduction in competition from weeds provides an oppor- 
tunity for the valuable grasses to spread and maintain themselves when grazing 
pressure is reduced to improve overgrazed ranges. Another fact not to be 
overlooked is that the ranchman has no expense in the way of labor, materials, 
or maintenance to pay for permitting a population of antelope to build up on 
his range. Nor is he taxed on his stock of wild game. 


Recommendations 


The following recommendations are suggested for further investigation and 
future management practices. 


1. More-accurate work on the economic relationships between antelope 
and livestock may be justified in the future when range management becomes 
more precise. Range-utilization studies, in the sense of Stoddard and Smith 
(1943), for both antelope and livestock should be carried out in each of the 
major ecologic associations. This would involve several 100-acre enclosures 
stocked to capacity with antelope after having been deferred from livestock 
gtazing for about two years. Utilization of the various forage plants could be 
determined by several methods. Probably the ocular-estimate-by-plot method, 
together with clip-quadrat studics, would make a good combination. To deter- 
mine the degree of competition, the utilization factors for antelope could be 
compared with those for livestock. Utilization factors are not available for 
livestock in the Trans-Pecos at the present time. 
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2. Accurate determinations on carrying capacity of Trans-Pecos ranges for 
antelope are needed. This could perhaps be accomplished by comparing antelope 
population densities in various biotic types and under different rates of live- 
stock pressure on the ranges. Criteria for antelope carrying capacity could be 
established on the basis of indicator species and total amount of forage avail- 


able per unit area. 


3. A long-range and thorough program of field observation on predator 
1elationships should be established. Constant attention to this problem over an 
extended period of time may reveal true cause-and-effect relationships not clear 
at the present time. 


4. Ranchmen should be requested to report deaths of antelope, particularly 
large die-offs, immediately to the State biologist in charge of antelope work 
in the region. Examinations of sick individuals or fresh carcasses by competent 
veterinarians may bring out the importance of various diseases and parasites. 


5. Climatic records should be correlated with antelope population levels 
each year to determine the influence of rainfall, temperature, and evaporation. 
Special attention should be given to summer range conditions and their possible 
effects on breeding success. 


6. The suitable antelope range over the entire Trans-Pecos Region should 
be mapped. Different colors could be used to indicate excellent, good, fair, and 


poor range, based on availability of antelope forage, livestock conditions, range 
vegetation, soils, and topography. With sufficient knowledge of the carrying 
capacity and amount of suitable range, the potential antelope population could 
be determined. To increase the population to this level and maintain it on a 
sustained-yield basis is an important management objective. 


7. A determination of differing food requirements of does, fawns, and 
bucks would be desirable. Such information may be the key to success of 
populations under certain range conditions. 


8. Knowledge of the nutritive value of various antelope food plants seems 
pertinent to a more-complete understanding of antelope-forage relationships. 
Such species as cedar may have little value, although taken in considerable 
quantities in winter. 


9. The results of antelope transplants should be thoroughly investigated 
to determine causes for success or failure of such herds. Cursory studies of this 
kind have already revealed much useful information. A more-detailed analysis 
of the information may bring out many additional facts worth considering in 
selecting areas for release sites. 


10. Airplane censuses should be conducted in July, preferably during the 
first two weeks. By this time, fawn mortality has passed its peak so that 
doe-fawn, as well as buck-doe, ratios can be obtained with reasonable accuracy. 
Both are important in calculating the fall harvest of antelope. Heretofore, the 
censuses have been carried out in the spring with the loss of much useful in- 
formation. 
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11. A more-thorough study of antelope-sheep relationships is needed. Under 
more-conservative practices on sheep ranges, antelope may be able to exist in 
numbers sufficient to justify economically their part in a well-balanced sheep- 
range program. 


12. The effects of poisonous plants, such as peavine, paper flower, woolly 
senecio, Riddell groundsel, and locoweed, on antelope should be thoroughly 


investigated under laboratory conditions. 


Summary 


The primary objective of the fifteen-month investigation was to determine 
antelope food habits and antelope-livestock competition. 


Most of the food-habits data in the literature pertain to stomach-content 
analyses; they indicate that pronghorns are largely browse feeders in the western 
States and consume only small quantities of grasses. 


The antelope population, reduced almost to the vanishing point late in the 
19th century, has increased again to approximately 7,000 in Trans-Pecos Texas. 
Control of eagles and coyotes doubtlessly helped in the recovery of the prong- 
horn, but protection by ranchmen, game wardens, and later the public in general 
appears to be chiefly responsible for the substantial increase. 

The physical environment of the region is characterized by a climate of 
scant precipitation, rapid evaporation, moderate winters, and mild summers. 

Excessive overgrazing throughout the region intensifies the severe complex 
of ecological conditions under which the vegetation and animal life must 
develop and maintain themselves. 

The Trans-Pecos Region covers an area of 31,392 square miles in western 
Texas. Two physiographic subdivisions are recognized: (1) The western ex- 
tension of the Edwards Plateau across the Pecos River and (2) the Mountains 
and Basins Area. The basins represent the easternmost of the desert basins of 
southwestern United States. 

The soils of the basins and plains are subdivided into three series: Reagan, 
light brown; Reeves, very light brown; and Verhalen, reddish brown. The 
gtass-covered Reagan soils are among the best in the region and form an 
important part of several antelope habitats. As a group the extensive Reeves 
soils are low in productivity, being dominated mainly by desert-scrub vegeta- 
tion. The heavy clay soils of the Verhalen series occur in large basins charac- 
terized by tobosa grass. Soils of the rough highlands and rolling hills are 
divided into the Ector and Brewster series, the former being derived from 
limestone, the latter from igneous, rock. 

The two principal biotic provinces are the Navahonian with its Pifion- 
Juniper and Oak-Juniper Life Belts and the Chihuahuan with its Desert Grass- 
land and Desert Scrub Biotic Districts. Six grassland ecologic associations are 
recognized. The Desert Scrub is divided into four associations. Bluestem 
grasses were apparently abundant over much of the region at one time, asso- 
ciated with the bunch form of blue grama. In the “Marfa Flat Association,” 
blue grama is dominant in the form of a short turf. Tobosa seems to have 
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developed on broad flats formerly dominated by bluestems and gramas; under 
continued overgrazing it in turn is replaced by burro grass. When overgrazed, 
the several grassland associations become invaded by Desert Scrub; extensive 
areas have thus become dominated by woody vegetation. The sotol-lechuguilla 
community spreads with excessive grazing on limestone hills. Mixed scrubs, 
creosote bush, and mesquite associations invade grasslands of the basins. The 
extent, rapidity, and type of invasion depend upon local climatic conditions, 
soil type, slope gradient, exposure, and grazing pressure. 

Fawns were born from the first week in April to the latter part of May 
and possibly into the first week in June in 1947. Twin fawns, observed from 
birth until 31 hours of age, were active only 9 percent of the time between 
5:30 a. m. and 9:00 p. m. of the second day of life. The same fawns were 
active 19 percent of the daylight hours when one week old. 


The breeding season extends from the last week in August to the first 
week in October. Gestation is from 7 to 7.5 months. 


Successful establishment and breeding of antelope herds are possible with 
a 50- to 75-percent loss in the theoretical breeding potential. Records of 84 
deaths indicate that the greatest mortality is caused by old-age conditions and 
overgrazing by sheep. 

Two tagged does were 10- and 12-years old, respectively when retrapped. 

To determine the activity of antelope, specific herds were followed during 
the daylight hours of one 24-hour period in each of 11 months. Average 
activity percentages were: Feeding, 70.2; lying down, 20.9; standing, 6.7; walk- 
ing, 1.7; running, 0.4; and playing, 0.1. Antelope are quite active at night. 

Six records of maximum speed in various herds were 30, 35, 35, 37, 38 
and 40, mph as recorded by a car speedometer. 

Pronghorns are directly associated with the Desert Grassland Biotic District 
over most of their range. While the antelope numbers remained low over a 
40-50-year period, the desert scrub invaded much of the Trans-Pecos, making 
the habitat less favorable. It is likely that antelope utilize woodland more now 
than in the past, being forced into it as the flat grassland became severely over- 
gtazed. They also spend more time in the hill associations than on the flats 
because more food is available on the slopes. In 1947 the “Mixed Scrub 
Association” supported somewhat over 500 head. 


South-facing slopes associated with greater abundance of food, protection 
from cold north winds, and greater amounts of sunshine, are particularly 
important to antelope. 

Antelope and mule deer apparently get along well together in the small 
area of overlapping ranges. 

Sheep-proof fences, main highways, and railroads are highly effective bar- 
tiers to antelope distribution. 

While coyotes and eagles are known to kill young antelope and sometimes 
adults, insufficient quantitative data are available in the western States to serve 
as a basis for final conclusions on antelope-predator relationships. Recent in- 
creases in antelope numbers are correlated with favorable weather, particularly 
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abundant rainfall during the prebreeding season, and with predator control. 
The interrelationships between the factors of predator control and weather 
make it impossible to determine the relative importance of either. 


No reliable records are available to indicate the occurrence of any serious 
diseases in Trans-Pecos antelope herds at any time. 

The most-important limiting factor to antelope increase and distribution 
at the present time is intense food competition from domestic sheep. Much 
antelope range is being eliminated by the encroachment of the sheep industry. 
Temporary depletions of the antelope nerds occur during periodic droughts 
every 10 to 15 years. 

Large treeless areas associated with rolling hills are important requisites in 
good antelope range; low brush or mesquite trees, however, do not offer a 
serious handicap. Antelope are more flexible than many other animals in their 
juxtaposition requirements, as they range more widely to find the necessities 
of life. Since many blank spaces, in the form of overgrazed sheep ranges and 
creosote-bush areas, exist throughout the region, interspersion is far from 
perfect. 

Under conditions existing in the Trans-Pecos, where only a small amount 
of browse is available, the antelope-minutes method is adequate for quantitative 
determinations of the amounts of grass, browse, and forbs consumed. The 
problem is mainly one of quantity of grass versus forbs, and the time required 
to consume a given amount of grass is approximately the same as for forbs. 
A partly new method of analyzing stomach contents is described. 

By the antelope-minutes method, 228 species of plants were found utilized 
by the pronghorn, including 160 forbs, 53 browses, and 15 grasses. An addi- 
tional 14, consisting of 8 forbs, 3 shrubs, and 3 grasses, were found in stomach 
samples. By the minutes method, antelope were found to utilize 66.6 percent 
forbs, 29.7 percent browse, and 3.7 percent grass over a period of one year. 
These figures are based on 3,044 antelope-minutes representing 4,956 obser- 
vations. 

Important year-round foods include stemmed bitterweed, cutleaf daisy, 
side-oats grama, blue grama, Dalea spp. Eriogonum tenellum, Gaura coccinea, 
deervetch, paper flower, coneflower, and woolly senecio. These staple foods are 
accompanied by many others at the different seasons. Of the grasses, feather 
bluestem, side-oats grama, and blue grama are preferred. The highest grass 
consumption occurs in late summer and early fall until the grasses begin to 
cure after heavy frosts. 

In the analyses of stomach samples, 97 species of plants were identified. 
Unclassified forb-and-browse material represented 70.29 percent of the total 
contents by volume, classified forb 23.58 percent, classified browse 4.13 percent, 
and grasses 2.00 percent. Of the total number of species, 64 were forbs, 22 
browse, and 11 grasses. 

The antelope consume rather-large portions of peavine, woolly senecio, 
paper flower, and locoweed, all of which are poisonous to some form of 
livestock. 
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[he animal-unit equivalent for Trans-Pecos antelope is 9.4. 

Competition between cattle and antelope is about 19 percent, the cattle 
being mostly grass consumers and the antelope forb-and-browse consumers. 
Antelope prosper well on cattle ranges. Ranchmen should have little fear of 
competition from the game at a population density of about 10 pronghorns 
per square mile. Probably even more antelope could be easily maintained with- 
out undue competition. 

Sheep-antelope competition on properly grazed ranges would probably be 
about 33 percent. Under present conditions of heavy overgrazing, competition 
is near 100 percent, with the antelope giving way to the domestic animals. A 
study of clip quadrats on three ranches showed that little antelope food remains 
on overstocked sheep ranges. Food competition seems to be the cause for the 
incompatibility between sheep and antelope. 

The antelope diet is greatly altered on overgrazed cattle range. Cutleaf 
daisy and paper flower are the staple winter foods on overstocked areas of the 
Marfa Flat Association. These species are important because they are abun- 
dant; not because they are highly palatable. The pronghorn prefers the excel- 
lent variety of nutritious legumes, mallows, buckwheats, and other forbs found 
on ranges in good condition. 

Antelope are shown to be an economic asset to the cattle raiser, provided 
he harvests an annual crop of bucks. A total of 47 antelope are required to 
consume as much cattle forage as one cow. Under present economic conditions, 
the income from antelope hunting is about twice that received from the cattle 


which could be grazed in place of the antelope. 
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The Determination of Sex and Age 
Ratios in Fur Animals 


George A. Petrides 


Texas Cooperative Wildlife Unit 
Texas A. and M. College 
College Station 


Sex and age ratios may be useful measures of breeding success, relative 
mortality rates, and other aspects of population fluctuations (Leopold, in Kim- 
ball, 1948; Petrides, 1946b). In fur species, such ratios have been determined 
on a moderate to large scale, however, only for the muskrat, probably because 
suitable age determination procedures for other species were not available. 


In the present study, methods for determining sex and age ratios have been 
developed for the raccoon, mink, red fox, gray fox, striped skunk, and badger. 
(Similar methods more recently have been found applicable in the coyote, ring- 
tail, spotted skunk, and marten with a strong probability that they also will 
apply in many other fur species.) Previously described sex and age determina- 
tion methods are discussed for the muskrat and long-tailed weasel. Information 
on the opossum is being published elsewhere (Petrides 1949a). 


Except for the muskrat, sex determination in pelts is based largely on the 
presence or absence of a “scar” marking the site of the penis. Age determina- 
tion methods are based in the female on the size of the teats, and in the male 
on the development of the baculum. Two age classes are discussed: juveniles, 
the young of the year; and adults, the older animals. 


Studies of fur animals in the field, at game farms and in fur buyers’ estab- 
lishments indicate quite clearly that adult females of practically all species 
have larger and often darker teats as a result of breeding than do first-year 
females. In none of the species to be discussed here are there any records of 
females breeding during their first summer. Probably in all species, however, 
there is a small percentage of adult females which fail to breed. This intro- 
duces a small error when compiling young: adult ratios in females,’ but this 
error can be expected to be rather constant from year to year and from area 
to area for each species. Gier (unpublished) and Stuewer (1940) found its 
total effect normally to be negligible in foxes and raccoons, respectively. Bar- 
ren females may comprise 5 (Errington, 1940; Sooter, 1946) or 10 (Shanks, 
1948) to 20 (McCann, 1944) per cent of all adult females, however, in musk- 
rats (see beyond). 


While barren females conceivably may be an important source of error 
in some species, fortunately such cases occur in the less numerous adult seg- 
ment. Where, in a population of 80 juveniles and 20 adults, for example, 
10 per cent of the adults are misidentified as juveniles, the resultant age ratio 
is still close to 4 juveniles per adult (4.55:1). If 10 per cent of the juveniles 
had been misidentified as adults, however, the error would have been increased, 
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yielding a considerably distorted (2.57:1) ratio. The more balanced the age 
ratio becomes the more serious is the error introduced by barren adult females. 
The alternate possibility, that some juvenile females may breed during their 
first summer, seems out of the question for the fur species discussed here, 
except possibly for the muskrat (Shanks, 1948). 


In first-year specimens of fur species which are characterized by the pos- 
session of a baculum in males, this bone seems invariably to be less well 
developed than in older males. It is lighter in weight and possesses undevelop- 
ed ridges for muscle attachment in first-year males in winter or earlier. The 
collection of young: adult ratios in males of these species will depend upon 
the random collection of bacula. This may be done by the technician him- 
self, but larger numbers often may be collected by skinners in fur-buyers’ 
warehouses. A two-quart jar of 10 per cent formaldehyde may be placed in 
such places with the request that the entire penis of each male animal be 
snipped off and preserved. The jars may be emptied regularly by a technician 
making the rounds of fur dealers’ establishments. Such periodic visits often 
will be required in order to check pelts, but in any case they are necessary if 
the cooperator is to make large collections. Some large-scale trappers also may 
be willing to cooperate. Cleaning these bones in quantity is simply done by 
boiling the specimens for 15 or 20 minutes in a .01 normal NaOH solution. 
A strong jet of water directed at them will then remove nearly all of the flesh 


Ideally the collection of young:adult ratios should be accomplished for both 
sexes, but age ratios among females alone often are sufficient. As previously 
pointed out (Petrides, 1949b), multiplying the number of young females per 
adult female in the fall or winter population by two probably yields a close 
approximation of the total number of young per adult female. This figure, in 
turn, is a principal indicator of the degree of breeding success during the 
previous reproductive season. While this information is not as complete as that 
derived from data for both sexes, it may be quite sufficient for the usual 
ing of determining fluctuations in the productivity of fur animal popu- 
ations. 


In pelt examinations in storage warehouses it was found advisable to place 
a small mark on pelts which had been examined to prevent recounting them on 
a subsequent visit. 


The Ohio specimens examined during the present study were collected 
largely during the November 15, 1947 to January 15, 1948 open season mostly 
from the 10 counties nearest Columbus. They were largely seen at Columbus 
warehouses. 
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ONDATRA ZIBETHICA—Muskrat 


The present study was undertaken to evaluate techniques under Ohio 
conditions and to ascertain sex and age ratios there in the 1947-48 open season. 
The pelts of 1,793 and the carcasses of 202 muskrats were examined for sex 
and age. In addition, X-ray pictures of forepaws of 100 muskrats were studied. 


Beyond the more obvious methods of recognition of the external genitalia 
and the internal sex organs, Buss (1941) first published on the use of the 
teats in determining the sex of muskrat pelts. In dried muskrat skins, the 
nipple sites are marked on the leather side by thin, light-colored circular spots. 
Buss (1941) and Shanks (1948) tested this condition against the external 
genitalia and reported perfect correlations. 


In carelessly fleshed skins fatty deposits often are left on the pelts requir- 
ing considerable care to avoid counting females as males. Such misidentifica- 
tions result in double errors, since not only are the females not counted but 
the males are increased unduly. 


The nipple marks seem not to be visible on freshly-removed pelts, appar- 
ently becoming evident only upon drying. The teats are easily seen, however, 
even in specimens which are quite young. They are least obvious on pelts which 
are prime ventrally. Occasional circular whorls in the regions of the nipple sites 
occur in male muskrats, but with a little practice these are easily recognized. 


Age determination—Several methods of separating first-year from adult 
muskrats have been devised for use during the usual late autumn to early 
spring open season. Errington (1939) used the presence of placental scars in 
females and flaccid, shrunken testes in males as marks of adulthood. Baum- 
gartner and Bellrose (1943) noted that a vaginal membrane was present in 
juvenile females but absent in adults, and that the penis of a juvenile male 
obviously was smaller and more knob-tipped than in an adult. Applegate and 
Predmore (1947) and Shanks (1948) recognized the significance of age 
differences in muskrat pelts which had been noticed but passed over earlier by 
Lavrov (in Shanks, 1948) and Kellogg (1946). Adult muskrats, they found, 
display irregular spotted dark priming markings on the leather sides of pelts 
while juvenile priming patterns typically are bilaterally symmetrical. Weights 
and measurements are generally unreliable indicators of age during the trap- 
ping season (Errington, 1939; Sooter, 1946; Shanks, 1948), but may be used 
where required by local conditions (see Lay, 1945). 
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Probably none of these methods is infallible. Errington (1940) determined 
that 5 per cent of adult female muskrats in Iowa were barren. Sooter (1946) 
derived a similar figure for California muskrats. In Missouri, Shanks (1948) 
computed the percentage to be 10. McCann (1944), using Errington’s age 
determination method in Minnesota, found 21.2 per cent of the adult females 
to be barren when spring trapping was done. Probably this last figure is ab- 
normally high. Since barren females can be recognized as such upon internal 
examination (Errington, 1940; McCann, 1944; Sooter, 1946; Shanks, 1948), 
however, presumably Errington’s method of age determination is quite reliable. 
In any case, however, as pointed out earlier, an error in the adult portion of 
the sample is not as important as an error of similar magnitude in the juvenile 
population segment. Shank (1948) speculates that errors amemg-juveniles: may 
occur, though, if some Missouri juveniles breed during them-arse sammer as 
he suspects they do. Errington (1940) does not believe that this ever happens 
in Iowa. 


The primeness pattern method is the most convenient to use since no car- 
casses need be seen. Shanks (1948), however, points out that it is not fool- 
proof. He examined 16 females whose pelts were of a juvenile type and which 
yet possessed placental scars. Three of these had more than 7 placental scars 
which indicates that some adult pelts may possess juvenile-type primeness 
patterns. 


A factor in determining the ages of female pelts is the size of the nipples. 
Nipples on dried pelts of adult females measured from 1.5 to 5.0 millimeters 
in diameter while those of juveniles were less than 1.5 millimeters in diameter, 
on leather sides of the pelts. Five of 100 adult female pelts were recognized 
during the present study by their large nipples despite a nearly symmetrical 
priming pattern. In addition, like all of the adults of both sexes the hides of 
these specimens were much thicker and more leathery than the rather papery 
hides of juveniles. Until late December, when a few early-born juveniles 
acquire a leathery skin of this type, the deeper “crackle” of flexed adult musk- 
rat skins is quite distinct from the “rattle” of juvenile pelts. These 5 adult 
females doubtless would have been termed juveniles, if it had not been for 
these supplementary characteristics. All 5 of these aberrant specimens had dark 
dorsal stripes of unprime pelage, as viewed from the leather sides of the cased 
skins. They must have been adults whose priming pattern approximated those 
of juveniles. 


Late in the present study, 10 muskrat bacula were made available by 
Dr. William H. Burt of the University of Michigan. From these it was evi- 
dent that the bacula of adult males were heavier and longer than those of 
juveniles. Their trident-like terminal elements also were less cartilaginous. 
These 10 specimens, mostly from Michigan, seemed to come from 5 adults 
and 5 juveniles. The main bone (excluding the terminal three bones) was 5 to 
6 millimeters long and 3 millimeters wide at the base in adult bacula. For 
juveniles, this bone was only 4 millimeters long and 1.5 to 2 millimeters wide 
at the base. The obvious weight differences were not measured. Because of 
their small size, muskrat bacula probably will not prove suitable for wide- 
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spread collection, but they may occasionally serve as checks against other 
criteria probably up to about January 1 (see beyond). 


Shanks (1949) attempted an analysis of the accuracy of the primeness 
pattern method versus Errington’s (1937) internal sex organ and Baumgart- 
ner and Bellrose’s (1943) external genitalia methods. He states that the 
“three methods are of nearly equal validity”. Since statistical tests reveal that 
the differences in results between the three methods are significant or highly 
significant, such a conclusion apparently is not justifiable. The extent of the 
differences that Shanks derived from the examination of 455 muskrats by the 
three different methods perhaps can be better appreciated by appending age 
ratios to his percentage data as in Table 1. 


TaBLeE 1.—Analysis of Shanks (1948) comparison of age ratios of 455 
muskrat pelts by three methods. 


Numbers of Percentages Number Number of 


Method juveniles: juveniles: of young young per 
adults adults per adult* adult female* 
Primeness pattern 359:96 79:21 3.74 7.48 
External genitalia 312-143 69:31 2.18 4.39 


Internal sex organs 334:121 73:27 2.76 4.91 


* Age ratios computed by the present author. 


While the different methods yield different results, there is little indication 
of which is most accurate. Applegate and Predmore (1947) tested the prime- 
ness method in 69 pelts of known age and misidentified three adults as young 
and two juveniles as adults. Since these errors compensated for each other, in 
part, the derived age ratio was not significantly different from the true ratio. 
Possibly the errors in each method are more or less constant and comparisons 
of age ratios derived annually by a single method indicate changes in propor- 
tions of young produced each year. 


The two systems for determining age by examining sex organs are in 
closer agreement with each other than they are with the primeness pattern 
method. Of these two, the characteristics of the external sex organs would seem 
to be the more reliable. The vaginal membranes of a small number of juvenile 
Ohio muskrats showed indications of breaking in mid-December. The number 
of young females displaying this development increased during early January. 
There is no evidence that this membrane is ever present in adults. Sooter 
(1946) determined age by the external genitalia of 1,530 muskrats in Cali- 
fornia as late as February 28. After the first of the year in Ohio, a few 
males displayed intermediate penis characteristics. Accurate age determination 
is possible by the examination of the external genitalia (see Baumgartner and 
Bellrose, 1943) at least until January 1. 


During the 1947-48 trapping season in central Ohio, 1,466 pelts were 
examined for primeness pattern and 202 carcasses were checked for the condi- 
tion of the external sex characteristics. The results were not significantly 
different: 
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Young per Young per 
adult adult female 


Pelts 12.36 
Carcasses 5.73 13.23 


Beyond the separation of juvenile and adult age classes, Errington (1939; 
1944) and Aldous (1947) provide some growth data for young muskrats. 
Applegate and Predmore (1947) also attempted to reconstruct “the sequence 
of priming patterns” in juveniles and described six “subphases” between kits 
and adults. The results of an attempt to reconstruct the sequence of priming do 
not agree closely with those of Applegate and Predmore. Evidence was found 
in Ohio of two complete molts with the dorsal area undergoing additional 
pelage changes. This is in general agreement with the translated findings of 
Lavrov in Russia (in Shanks, 1948). To be of value, however, this sequence 
must be correlated with age, requiring further study. 


X-ray examinations of approximately 100 forepaws of muskrats aged by 
the external genitalia showed that the early ossification of the distal epiphyses 
of the radius and ulna prevents the separation, by this method, of young 
of the year from adults as late as November in Ohio. The future use of this 
technique in working with tagged animals of known age, however, would per- 
mit the development of age determination standards for juveniles similar to 
those developed for cottontails (Petrides, unpublished). 


Sex and age ratios—Dozier and Allen (1942) and Dozier et al. (1948) 
have summarized the published muskrat trapping season sex ratios. These 
ratios ranged between 47 and 69 per cent males. Some of the largest samples 
yielded results near the extremes. The majority of all ratios indicate 55 to 60 
per cent males in the average kill in trapping from late fall to early spring. 


Interpretation of these ratios must be with reference to the trapping con- 
ditions but the information published is not always adequate. Errington 
(1939) found that 54.4 per cent of 878 young Iowa muskrats less than two 
weeks old were males. Apparently a slight excess of males occcurs very early 
in life. He found that this ratio was scarcely altered (to 54.9 per cent males) 
among young animals in late fall and early winter. The trapping data of Do- 
zier (1944; 1945); Anderson (1947); and Dozier et al. (1948) indicate that 
in New York, Ohio, and Maryland, respectively, the sex ratio remained rela- 
tively constant from early winter to spring. McCann (1944) and Aldous 
(1947), however, found that the percentage of adult males decreased during 
the summer following trapping. In Minnesota, McCann (1944) determined 
that adult females outnumbered adult males in autumn. 


Lay (1945) in Texas found that during winter and early spring the pro- 
portion of males in the catch declined slowly throughout the open season. 
This observation may be associated with the year round breeding season of 
the Texas population, resulting in ratios comparable to those of the more 
northern breeding season. In Utah, however, Marshall (1937) recorded ratios 
of 44 to 50 per cent males during late autumn but 60 to 61 per cent males 
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during the following spring. Marshall emphasized that trapping was intensive 
to reduce damage to dikes. 


Both Marshall (1937) and Lay (1945) point out that newly set traps 
usually catch males first. Marshall adds that “light” trapping would there- 
fore result in a high proportion of males in the catch. Errington (in conversa- 
tion) corrobrates these data and adds that the capture of adult males, adult 
females, and young animals is more or less proportionate to the relative sizes 
of the home range of individuals of these groups at the time of the trapping. 


It appears, then, that the proportion of males in the catch may be expected 
to be inversely proportional to the trapping pressure and that average trap- 
ping intensity, under the legal restrictions imposed in most states, results in 
ratios of 55 to 60 per cent males. Where trapping is intense, proportionately 
more females are caught. 


This theory does not fully explain Marshall’s (1937) Utah ratios, how- 
ever, where females were not only proportionately more abundant in autumn 
under intensive trapping, but actually outnumbered males in the catch. In the 
spring, the reverse situation occurred. The above concept would apply in this 
case if the fall ratios are assumed to be true or nearly true ratios resulting 
from practical extermination of the population, and that the increased propor- 
tion of males in the spring is assumed to be the result of ingress of wander- 
ing individuals. While this is entirely possible, Marshall’s ratios also could be 
explained by merely acknowledging an early reduction of females. Sex ratios 
probably are a less sensitive indicator of trapping pressure than are age ratios 
(see beyond). 


In Ohio in 1947-48 the sex ratio of 1,770 specimens (1,568 pelts and 202 
carcasses) was 54:8 males; 45:2 females. 


Age ratios have been derived by comparatively few investigators. Those 
which have been located in the literature are listed in Table 2. 


The Ohio data came from carcasses and pelts taken in the two-month 
open season. The high proportion of juveniles found is paralleled in Table 2 
only by some of Errington’s (1944) Iowa records. That investigator throws 
some light on the situation when he states (Errington, 1940) that “from 
field studies supplemented by examination of . . . specimens . . . we have 
so far recorded averages as low as four and as high as 17 young actually 
raised per season per resident adult female. The lowest recovery ficure noted 
was associated with an over-crowded marsh; the highest with a slightly under- 
populated drainage ditch having a superb food supply. 


“To generalize, it seems that we can ordinarily expect moderate breeding 
populations to raise about the equivalent of a full litter per adult female on 
marshes as at Round Lake (Iowa); and the equivalent of perhaps two litters 


in the better ditch habitats. 


“Lower breeding densities have given somewhat higher rates of increase 
in all types of environment from which we have data, except when breeding 
animals were presumably too few to find mates as needed. . . . Clearly opti- 
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mum breeding densities are at moderate rather than at extreme levels—low 
enough to avoid the disadvantages of over-crowding, yet not so low that 
seasonal recovery is handicapped.” 

Nearly all muskrat pelts sold in central Ohio are trapped from ditches and 
streams. As indicated by Errington (1940), the population turnover usually 
is more rapid in these habitats than it is in marshes. In any habitat, however, 
according to Errington’s premises, low breeding density is a basic cause of 
high productivity. Trapping pressure is a major factor in reducing pre-breeding 
populations. Lay (1945) lists air temperature and the amount of trapping in 
and near houses as other factors affecting age ratios, but he determined that 
the number of young in the catch increases with the intensity of trapping 
which occurred during both the current and the preceding open seasons. 


The only available index to the trapping pressure in central Ohio is the 
age ratio of the muskrats caught (Table 2), but the high human population 
and high prices indicate that trapping intensity was great during the past rev- 
eral open seasons. The total annual kill for the state has remained between 
500,000 and 800,000 during the 1937-38 to 1947-48 period (Leedy 1946; 
1948). The 1946-47 catch was about 700,000. During the similar 1947-48 
open season, however, only 500,000 were recorded as killed. Since a high ratio 
of young per adult female prevailed in 1947-48, these data indicate that the 
1946-47 kill was high and resulted in an increased production of young in 
1947-48. It also seems likely from the high age ratio figure that the trapping 
pressure in 1947-48 also was great. Whether the open seasons in Ohio were too 
liberal in 1946-47 and 1947-48, cannot be stated with certainty, but the above 
data at least infer that they were. Continuing on this basis would be sound 
only so long as restrictions on the kill may be tightened with decreasing popu- 
lations. 


Several authors (McCann, 1944; Sooter, 1946) have determined the juven- 
ile mortality in their areas by comparing the number of young per adult fe- 
male as derived from placental scar counts with the age ratio in the trapping 
season population. This is a practical technique which can be carried on while 
obtaining sex and age ratios and which simultaneously permits determination 
of the proportion of barren females. 


Procyon LOTOR—Raccoon 


The specimens used in the study of the raccoon were 311 pelts collected 
during the November 15, 1947, to January 15, 1948, open season and 277 
pelts held in storage from the similar 1946-47 season. In addition, 19 carcasses 
were seen during the 1947-48 open season, and 13 raccoons were live-trapped 
largely during the summer and autumn of 1946. Twenty-one bacula were 
examined at the U. S. National Museum, 17 were obtained on loan from 
Mr. Grant Parker, Berlin Heights, Ohio, and 18 others were procured from 
carcasses and pelts of wild and captive raccoons. Eleven carcasses of known 
age were contributed through the courtesy of Dr. E. D. Martin of the Ohio 
Division of Conservation and Natural Resources and measurements of 30 
other animals were obtained at the Milan (Ohio) State Game Farm. 


Sex determination—The penis scar on cased pelts of male raccoons is 
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obvious (Figure 1). In addition, the sites of the teats are marked on the 
leather side of female skins by pigmented spots (Figure 1) or small lumps 
of fatty tissues, depending upon the female’s age. Tiny teats of a lighter color 
may be seen, however, on some male pelts. Scars, marking the site of the 
vaginal entrance occasionally are found on raccoon skins, but these are in a 
position posterior to the sites of penis scars. The navel, also visible on some 
raccoon pelts, is anterior to the area of the penis scar and is much thinner 
and smoother than the latter. Sexing flat skins by means of the penis scar is 
not practicable. 


In sexing live animals, the workers at the State Raccoon Farm, Milan, 
Ohio, use the shapes of the animals’ faces as criteria. Looking down from 
above on the animals’ head, the outline of a male’s head is more wedge- 
shaped than that of a female, which has a more attenuate muzzle. With prac- 
tice these men became expert in selecting animals of either sex by facial outline. 
These differences were obvious in some of the animals seen there. 


Age determination (Criteria for both sexes).—Stuewer (1943), working 
in Michigan, has published probably the most comprehensive data on rac- 
coons to date. He has presented growth curves involving the lengths of the 
permanent upper canine teeth, ear, and hind foot and the weight of young 
raccoons. He states that only the first 
and the last of these items are use- 
ful as age criteria after four months 
of age. He found further that ani- 
mals weighing less than 14 pounds 
with the upper canines unworn and 
less than 10 millimeters long can safe- 
ly be considered to be juveniles at 
least until winter. Juvenile raccoons 
begin to erupt their permanent teeth 
late in August. Animals with well- 
worn teeth are probably three or more 
years old. Stuewer also determined 
that females which had bred had 
dark, large teats, while those which 
had not borne young had smaller 
nipples. 

The present study disclosed no new 
information on determining the exact 
age of juvenile raccoons, but measure- 
ments were made on December 19, 
1947, at the Ohio Raccoon Farm of 
the canine teeth of captive grown rac- 

Fig. 1.—Raccoon pelts. Note penis scar cgons of known age. These measure- 
and nipple sites of adult ments, which are summarized in 
a Sa Table 3, would indicate that, in cap- 
tivity at least, canine tooth length is not a reliable criterion of age. They ac- 
cord with Stuewer’s opinion, however, that animals with worn teeth are more 
than two years old. 


r 
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TaBLeE 3.—Comparison of canine tooth size with age in captive raccoons. 


Juvenilest Two-year olds2 _Three-year olds3 
Males Females Males Females Males Females 
12x12 9x20.5 9x21 7x21 12x23 9x21 
12x23 10x22 10x22 13x23 10x22 
11x23.5 12x18 12x24 12x23 10x21 

9x23 8x20 11x25 


Older animals4 


8x23 10x21 


1 Length of left upper canine from the gum line to the tip x distance 
between the centers of the tips of the upper canines; in millimeters. 

2 Show little or no signs of wear. 

3 Show moderate wear. 

4 The female was four years old and had moderately worn teeth; the 
male was eight years old and had teeth that were very much worn. 


With regard to weight, several female raccoons which were 1.5 years old 
or older according to teat criteria (see beyond), were live-trapped near Colum- 
bus, Ohio, October, 1946, when they weighed 9, 13 and 13 pounds, respective- 
ly. Young animals may be under 14 pounds at this season, but so may some 
adults. 


X-rays of the forepaws of nine captive raccoons of known age indicated 
that the distal epiphyses of the radius and ulna become completely fused with 
the diaphyses of these long bones by the third year. Unfortunately, however, 
no specimens of 1.5 year-old animals were available. The further study of X- 
ray pictures of forepaws of five females which had bred (as indicated by the 
teats, see beyond), revealed that three of these animals had ossified epiphyses 
but that two did not. The X-rays of these last. two looked like those of 
nine juveniles seen. It is believed that these two specimens were 1.5 years old, 
in late autumn, and had bred at about one year. No definite differences could 
be found between X-rays of three- to four-year old raccoons and these ten 
and eleven years of age. Further study is needed, but it is possible that the 
use of X-rays in conjunction with other criteria (see beyond) will permit the 
identification of two-year old males and the determination of the yearling: 
adult ratio among breeding females. 


Examination of a single humerus of a known four-year old animal revealed 
that the proximal epiphysis of that bone was completely ossified. 


Criterion for females.—The best external criterion of age in female rac- 
coons is the size of the teats. Stuewer (1943) found that the nipples of 
females which had bred were normally dark, wrinkled and more than six 
millimeters long while those of non-breeding animals were only two to three 
millimeters in length. Also “it was exceptional for an adult female not to 
raise a litter”. 


Both nipple types can be detected from the leather side of a pelt, but they 
can more easily be distinguished by feeling in the belly fur of the cased pelt. 
Flat skins are difficult to work with in this regard. The sites of the small, 
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mostly pinkish teats of young raccoon usually are marked on the skin side 
of a pelt by small lumps of whitish fatty tissue. The still smaller, whiter 
nipples of males are also marked in this way, though usually not so obviously. 
The heavily pigmented teats of adults usually are evident from the skin 
side of a pelt. In checking pelts for teats, however, it was always found best 
to feel inside the cased skin after it has been removed from the stretcher. 

Stuewer (1943) observed that only about one-half of the yearling females 
breed. Dr. E. D. Martin of the Ohio Division of Conservation and Natural 
Resources, who has studied captive raccoons intensively, verifies (in conversa- 
tion) this field observation. The nipples of yearling females do not increase 
in size until they have suckled young. One yearling female which had borne 
only two young had the two rearmost teats dark and enlarged while the others 
were light-colored and small. 

It is evident that nipple size will not permit the accurate separation of 
juveniles from adult female raccoons. Ratios of breeding to non-breeding fe- 
males, however, still may be of value in annual surveys, in comparing che 
success of one breeding season with another. The observations of Stuewer 
(1943) that about 50 per cent of yearling females breed and that 50 per cent 
of all breeding females are yearlings apparently are not constant (see beyond). 
Until X-ray or other techniques, therefore, permit more accurate estimates 
of these percentages, probably the ratio of non-breeding to breeding females 
will have to serve as an index to 
productivity where pelts of females 
are studied. 

Criterion for males.—The identifi- 
cation of juvenile raccoons seem to be 
more simple for males than for fe- 
males, contrary to the situation in 
most fur species. 

Stuewer (1943) summarizes re- 
ports from raccoon farms in Missouri 
and Minnesota indicating that males 
are incapable of effective breeding 
until they are two years old. Dr. E. 
D. Martin of the Ohio Division of 
Conservation and Natural Resources 
(in conversation), however, has 
found over a period of years that 
nearly 50 per cent of his captive male 
raccoons mate successfully during 
their first year. 

Regardless of age of breeding, how- 
ever, it seems evident from the ex- 
amination of a rather large number 
of raccoon bacula, that young males 
of the year possess less well-develop- 
ed bacula than do older males (Fig- 


Fig. 2.—Bacula of first-year and older . 2 
raccoons. The upper two bones are from Ure 2). Juvenile penis bones seem to 
juveniles; the lower two from adult males. vary greatly in size, overlapping in 
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length the lower limit of adult penis bones. While generally heavier in weight 
than juvenile bacula, adult penis bones are characterized by a gradual curve 
near the basal end and particularly by a pronounced basal enlargement. This 
basal area of muscle attachments also often is considerably roughened. 


Determining the age of male pelts does not seem to be possible at this 
time. Large pelts are likely to be adults and small pelts are probably mostly 
juveniles. More adults also are prime during the trapping season than are 
juveniles. These factors, discussed more fully beyond, are of little direct 
value in age determination. 


Examination of single bacula from raccoons 2, 3, 4, 11 and 12 years old 
disclosed no points of distinction between the age classes of adult males. X-ray 
examination of the forepaws in combination with baculum, however, may make 
it possible to separate yearlings from older animals. 


Sex and age ratios—Bennitt and Nagle (1937) in Missouri found a sex 
ratio of 55.9 males to 44.1 females among 306 animals killed by hunters and 
trappers. Stuewer (1943) live-trapped 133 males and 123 females in Michigan 
which yielded a sex ratio of 51.9 to 48.1. In Ohio, Preble (1941) sexed 
132 raccoons during the 1939-40 hunting season. He found a ratio of 55.3 
males to 44.7 males. 


During the present study, 277 pelts taken by central Ohio hunters and 
trappers in the 1946-47 open season and 311 in the 1947-1948 season were 
examined to determine sex and the breeding history of females. These :umeri- 
cal data and resultant sex ratios and breeding ratios of females are: 


Total Total Non-breeding Breeding 
Year males females females females 
1946-47 162 115 82 33 
Ratios 56.4 43.6 2.48 1.00 
1947-48 180 132 99 33 
Ratios 57.9 42.1 3.00 1.00 


These figures indicate an increased production of young in 1947 as com- 
pared with the previous year, despite the fact that only one part of the non- 
breeding females are young of the year. 


According to Stuewer’s (1943) observations, the spring population of 
grown female raccoons is made up equally of breeding adults, breeding year- 
lings and non-breeding yearlings. If this is so, then the above data can be 
interpreted to provide the following numbers and ratios for female pelts: 


Total Number of | Number of Number of — Juvenile: post- 

females juveniles yearlings adults juvenile ratio 
1946-47 115 66 32 17 1.34:1 
1947.48 131 83 32 17 1.69: 1 


From Stuewer’s (1943) data, it is determined that the breeding potential 
in his Michigan population was 2.66 young per grown spring female (Stuewer 
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apparently rounds this figure to read 3), where the sex ratio is 50:50 among 
all age groups and the average litter size is four. These data indicate :naxi- 
mum ratios there of 1:33 juvenile females per grown spring female and 2.5 
non-breeding females (juveniles plus non-breeding yearlings) per breeding 
female. 


Since the ratios derived in Ohio from late fall and winter specimens if 
representative, equal or exceed Stuewer’s spring breeding potential, either (1) 
the breeding potential is higher in Ohio than in Michigan, (2) the percentages 
used in dividing the breeding and non-breeding groups are not constant, (3) 
the young are more easily killed by hunting and trapping, or (4) the adult 
mortality was greater than the juvenile mortality during the summer and carly 
fall. One or the other of the first three possibilities is more probable than <he 
fourth. In any case, it is evident that definitely reliable true age ratios prob- 
ably cannot be revealed by simple computations of data on female pelts with- 
out, at least, some annual checks being made on other biological factors affcct- 
ing the population. furthermore, the relative increase in the production of 
Ohio young in 1947 over 1946 is about the same whether derived by inference 
from the ratio of non-breeding to breeding females or determined by a direct 
juvenile:adult ratio. 


Some data were accumulated, relative to the proportions of the sexes and 
of breeding and non-breeding females in the various size and primeness classi- 


fications of pelts. At present there seems to be no reliable method for deter- 
mining the ages of male raccoons directly from their pelts. These observations 
are summarized in Table 4. 


From these data, it seems likely that large pelts are mostly adults and 
small pelts are largely juveniles. Stuewer (1942) also believed this to be 
generally true. The medium category is the largest, though, and is difficult 
to divide into age classes. Unprime pelts, however, apparently are more likely 
to be from juvenile raccoons than from adults. Seventy-nine to 89 per cent 
of the pelts of females which had bred were prime, but only 42 to 58 per cent 
of non-breeding females were prime during the open season. It is especially 
notable that despite identical dates for the open season during the two years 
(November 15-January 15), a relatively higher percentage of unprime skins 
occurred in the 1947 population which also contained the higher proportion 
of non-breeding (doubtless mostly juvenile) females. Since the great relative 
increase in the number of unprime pelts can hardly be matched by the slight 
increase in abundance of young, unknown factors (perhaps a later average 
breeding date in 1947) also must be at work. 


Stuewer (1942) found that about 29 per cent of 5,214 raccoon pelts from 
lower Michigan and northern Indiana were unprime. No autumn age ratios, 
however, are available for comparison. 


Age ratios of males from baculum counts were not derived during this 
study. Only 13 bacula were collected from carcasses and pelts by the author, 
and bacula left on pelts are usually small. Only two of the 13 were adult. 
The only other specimens seen which were presumably randomly collected 
were 21 penis bones in the U. S. National Museum collection. Of these, which 
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were from all parts of the United States, eight were adults and 13 were 
juveniles. 


TaBLe +.—Distribution of central Ohio raccoon pelts according to sex, 
breeding stage, size and primeness, 1946-48. 


1946 1947 
_ Numbers Percentages _ Numbers Percentages 
Un- Un- Un- Un- 


Prime prime Prime _ prime Prime prime Prime prime 


Males: 
Large 41 2 1.2 52 6 
Medium 63 36 44 61 
Small 9 11 : 6.8 l 16 


Totals . 30.2 


Females: 

All females: 
Large 
Medium 
Small 


Totals 


Non-breeding 
females: 
Large 
Medium 
Small 


Totals 


Breeding 
females: 
Large 
Medium 
Small 


Totals 


Both sexes: 


MUSTELA vISON—Mink 


A total of 294 mink specimens were examined from November 15, 1947, 
to January 20, 1948. Two hundred and forty-nine of these were wild-trapped 
pelts, 14 were wild-trapped carcasses, 14 were ranch-reared carcasses of known 
age, and 17 were bacula of wild-trapped minks. Nearly all of the wild-trapped 
minks were examined in fur warehouses in Columbus and trapped in central 
Ohio. In addition, 16 mink bacula of unknown age were seen at the U. S. 
National Museum. 
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Sex determination.—Sex is easily determined in mink pelts by the presence 
or absence of the scar which remains after the penis is cut free of the hide 
(Figure 3). The occurrence of mammary nipples on female pelts is a second- 
ary, usually unneeded, indicator of sex. Since mink pelts normally are pre- 
pared leather side out, a quick glance usual- 
ly is sufficient to disclose sex. Even when 
the pelt is prepared fur side out, the pres- 
ence or absence of the penis scar is easily 
determined “by peering into the cased skin. 
On the outside of such pelts, a wayward 
tuft of hair also usually is present at the 
site of the penis scar. Sometimes the pelt is 
slit so far up the animal’s belly that the 
penis scar is destroyed. 


Age determination.—Criteria for identify- 
ing animals in their first-year are more con- 
venient in female than in male minks. 
Larger feet, a greater distance between ca- 
nine teeth, more worn teeth and a more 
pronounced sagittal crest occurs in adults, 
especially males (Table 5). In X-rays of 
the forepaws there were possible differences 
between young and adults in ossification of 
radial distal epiphyses. The following, how- 
ever, seem to be the most immediately use- 
ful criteria of sex and age: 

Females.—The nipples usually show on 
pelts of females. They may be evident from 
the leather side, (Figure 3) but they are 

Fig. 3.—Pelts of male (left) and more prominent on the fur side of the cased 
female (right) minks. Note penis pelt. Scratching along the belly region of a 
pos = and nipple sites of dried pelt generally reveals them. As in the 
; ania’ related stoat (Mustela erminea) (Deansley, 
1935) and other mammals, the nipples differ in the two age groups. On 
female minks in their second year and older they are dark, raised, and more 
than one millimeter in diameter. They frequently show on the leather side of 
the dried pelt as dark spots. Adult-type nipples commonly are associated with 
larger, more leathery pelts. 

Juvenile nipples are smaller than one millimeter in diameter, scarcely 
raised, and not pigmented. They rarely can be detected from the leather side 
of the skin unless it is well-scraped. In contrast to wild-caught mink, the pelts 
of ranch-raised animals are often scraped so thin that the nipples of both age 
groups are easily detected from the leather side. Age recognition is hampered 
in such well-prepared pelts by the thinness of the hide. 

Males.—Other than the small size and thin skin of young individuals, no 
characteristics of the pelt indicated age in males. The development of the 
baculum in minks, however, is similar to that described for the long-tailed 
weasel (Wright, 1947) and stoat (Deansely, 1935). The bacula of young 
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males are more slender and lighter in weight than those of adults. There was 
no overlapping of weights in the samples studied. Adult bacula are more 
easily identified, however, by the enlarged basal portions (Figure 4) which 
are encircled near the end by an obvious ridge, for muscle attachment, cul- 
minating in a short but distinct dorsal process. The dorsal process may not 
be visible until the bone is thoroughly cleaned, but the encircling ridge often 


TABLE 5.—Measurements in millimeters, from individual carcasses of wild-trapped 
minks, central Ohio, 1947-48. 


Young! Males Adult! Males 
Hind Body Hind Body 
Date foot length2 Canines3 Date foot length2  Canines3 
12-6 53 370 7x11.5 12-2 70 400 6x12 
12-13 58 355 9x10 12-13 75 400 6x12 
1-17 62 370 7x11 12-13 70 425 3x12 
12-17 70 403 7x11 
1-8 68 390 8x11.5 
1-10 72 400 4x12 
Young4 Females Adult4 Females 
11-22 59 330 -xll 11-22 60 355 -xl0 
12-2 1-10 60 340 broken 


320 7x9 


1 As determined by baculum type. 


2 Nose to base of tail; tails usually torn from carcasses. 


3 Length of canines from gum line to tip x distance between centers of canines at tips. 


4 From placental scars and/or teat development. 


is evident to the touch before clean- 
ing. It is possible to detect this ridge 
with a needle. A clean basal portion 
of the baculum is desirable for deter- 
mination of age. 


The bacula of 14 ranch-reared and 
17 wild-caught animals from Ohio 
were available. In the former group, 
all were young of the year except two 
2.5 year-old animals. In the latter 
group, eight were identified as adults 
and nine as young. The os penis of 
one wild-trapped mink, taken oa 
January 17, possessed a small, dis- 
tinct, dorsal process but no encircl- 
ing raised ridge. It was interpreted as 
a young male’s baculum, showing 
signs of approaching maturity. The 
measurements of these bacula are Fig. 4.—Bacula of first-year (above) 
summarized in Table 6. and adult (below) minks. 
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The bacula of young ranch-reared minks are smaller and less developed 
than are those of young wild-trapped animals taken at about the same time. 
Though no bacula from minks known to 1.5 years old were available, there 
was little doubt that the better developed but more juvenile group of bacula 
of wild animals actually were those of young of the year and correspond in 
age with those of young ranch minks. The evidence for this is: (1) the bacu- 


TABLE 6.—Measurements of mink bacula, central Ohio, 1947-48. 


Wild trapped Minks1 Ranch reared Minks2 
Number Lengths3 Weights4 Number Lengths3 Weights4 
of spe- (milli- (milli- of spe- (milli- (milli- 
cimens meters ) grams) cimens meters ) grams) 
Young 9 42.12.58 217.7 £53.86 12 40.2 + 2.98 155.8 + 27.45 


Adults 8 353.7 £48.59 46.52.12 425.0 + 10.5 


1 Age determined by baculum type; taken December 2, 1947, to January 17, 1948. 
2 Ages known; killed in early December 1947. 
3 Measured from tip to tip, not around curves; average lengths and standard devia- 


tions given. 
4 To the nearest 10 milligrams; average weights and standard deviation given. 


la of the wild minks studied were of only two major types, (2) these types 
corresponded in relative abundance (as well as can be judged by a small 
sample) with the two age groups described for wild female minks, and (3) 
the baculum in related species of Mustela undergoes a similar development 
(Deansley, 1935; Wright, 1947). 


Seventeen mink bacula in the C. Hart Merriam collection at the U. S. 
National Museum were clearly identified as nine young and seven adults. 
One of the former showed just the beginning of an encircling ridge with the 
dorsal process scarcely evident. It was collected at Glen Ellen, California, on 
January 10, 1892. A similar one with a more prominent dorsal process, was 
taken on February 17, 1892, at Matagorda, Texas. Seven young examples 
taken in August measured only 26 to 33 mm. in length (av. 30.0 mm.; s.d. 
2.61 mm.). The adult ones were 46 to 52 mm. long. 


Sex and age ratios—On the basis of the penis scar the 249 pelts represent- 
ed 127 males and 121 females, with one doubtful. This ravio is not significantly 
different from a 50:50 sex ratio. Bennitt and Nagle (1937) report the quite 
different ratio of 70.1:29.9 for 174 Missouri minks killed in 1934-35. 


Of 92 wild-trapped female Ohio mink pelts, 35 were adults and 55 were 
young of the year; two were of doubtful age. Assuming an equal number of 
male young, there were 3.14 juveniles per adult female in Ohio minks during 
the 1947-48 trapping season. 


According to Leedy (1948), the 1947-48 kill of minks in Ohio was 25 


per cent below the average of the previous 10-years. 


3 


PeTRIDES. SEX AND AGE RATIOS IN FuR ANIMALS 


VULPES FULVA—Red fox 
URrocYON CINEREOARGENTEUS—Gray fox 


The pelts of 256 red and 100 gray foxes and the bacula of 24 red and 18 
gray foxes were examined in the November, 1947-January, 1948 open season. 
In central Ohio eighty-six of the gray fox pelts and two of the bacula were 
stored specimens representing the identical 1946-47 season. Nine other gray 
fox bacula were seen at the U. S. National Museum. 


Sex determination.—Sex is easily determined in cased fox skins (fur in 
or out) by the presence or absence of the penis scar (Figure 5). Often a 
whorl of hair marks the location of the scar. The os penis frequently is found 
attached to the pelt. 


Age determination.—Females. The nipples of females are of two types. 
Teats of adults are larger than of juveniles, but neither is particularly obvious 
except in adults doubtless several years old. 


In dry cased pelts with the fur side in, the nipples of either age class are 


Fig. 5.—Male (left) and fe- 


male (right) red fox pelts. Fig. 6.—Veins opposite which teats 


of red fox are located. 


easily located by feeling inside opposite the large veins usually present in the 
belly region (Figure 6). Occasionally depressions at the nipple were apparent 
on the skin side of the pelt. 

In pelts turned fur side out, locating the nipples is more difficult. In his 
case, the skins usually were laid on a table belly up. Passing the fingertips 
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through the belly hair near the borders of the darker flank fur usually then 
resulted in the discovery of th2 teats. Otherwise, such pelts were held up to a 
strong light and the location of the diagnostic veins determined by peering 
into the interior of the cased skin, through the translucent belly. 


Adult nipples are more than two millimeters in diameter on dry pelts and 
dark in color. They are obvious to the touch but were usually not long enough 
to afford simple accurate measurements. One individual, however, had sine 
dark teats measuring four millimeters in diameter and five millimeters long. 
Juvenile nipples were less than one millimeter in diameter, light in color and 
scarcely raised. The nipples of adults were rather easily located; the teats of 
juveniles often were found only by a lengthy search. Occasional specimens 
which had several nipples of each type probably were yearlings which had 
borne small litters. 


Males. The bacula of gray foxes typically are more deeply keeled and 
their anterior portions are narrower than are those of red foxes (Figure 7). 
The anterior prolongations of the 
bacula of gray foxes seem to be single 
units while those of most red foxes 
give evidence of a fusion of two par- 
allel elements. The tips of some penis 
bones of red foxes were even slightly 
bifurcate. Age differences in the bacu- 
la were more obvious in gray than in 
red foxes (Figure 7). In both species, 
bones from adult foxes were heavier, 
though not always longer, and had 
enlarged and roughened basal areas 
of muscle attachment. Juvenile bacula 
were less well developed with only 
small, smooth areas of muscle attach- 
ment. 

The appearance of the 18 bacula 
of gray foxes seemed clearly to divide 
them evenly into two classes accord- 
ing to age. By weights there was no 
overlapping in the small group of 
bacula (see Table 7), the maximum 
juvenal weight was 330 milligrams 


Fig. 7.—Bacula of red fox (upper pair) 
fia : and gray fox (lower pair). Juvenal bones 
and the minimum adult weight was are the lower members of each pair. 


420 milligrams. Juvenal bacula also 
were 49 to 53 millimeters long, while adult gray fox penis bones were 53 to 
60 millimeters long. 


Among 21 complete red fox bacula, however, only five possessed adult 
characteristics of appearance and there was a complete overlapping of lengths 
and weights. This apparent age ratio of 16 juveniles to five adults is not 
consistent with the approximately even age ratio which was found among 
females. The difference is possibly due to the fact that the bacula of most of 
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the red foxes were procurred from pelts, from which they had not been re- 
moved by the skinners. It seemed obvious that the attachments of the penis to 
the carcass were less secure in these juveniles and that juvenile bacula were 
more likely to remain attached to hastily ripped- off pelts than were adults’. 
The nine Ohio gray fox bacula were in about even numbers from pelts and 
carcasses. 

The age ratio from red fox bacula taken from carcasses was five young 
to four adults which, though too small a sample to be definitely diagnostic, 
provides a juvenile:adult ratio similar to that of females. The method of col- 
lection may affect the resulting age ratio. 

The measurements of Ohio red fox bacula are summarized in Table +. 
The average lengths and standard deviations of four young to five adult 
Urocyon bacula from California, New Mexico and Mexico are: juveniles, 
47.5 + 5.92 in millimeters; adults, 63.4 + 4.33 millimeters. 

The greater dissimilarity between juvenile and adult bacula in the gray 
fox may be related to the later mating of that species as compared with the 
red fox (Seagers, 1944). Because of this, age ratios of females as derived 
from red fox pelt surveys may be less subject to errors of identification and 
may prove more suitable for surveys and annual comparisons than complete 
age ratios involving baculum counts in early winter in this species. 


TABLE 7.—Measurements of fox bacula from central Ohio. 


Red Fox1 Gray Fox2 
Number Lengths4 Weights5 Number Lengths4 Weights5 
of spe- (milli- (milli- of spe- (milli- (milli- 
cimens meters ) grams) cimens meters ) grams) 
Young3 16 55.4£4.8 342+70 5 MEL 280+ 62 


Adults3 5 Jeet 492 = 103 5 57 £2.6 528 = 100 


1 Taken cide from iiedaieis 15, 1947-January 15, 1948. 

2 About half collected from pelts November 15, 1946-January 15, 1947. 

3 Age determined by baculum type. 

4 Average lengths and standard deviations given. 

5 To the nearest milligram; average weights and standard deviations given. 


Data on the total length, weight, length of canine teeth, distance between 
the tips of the upper canines, and testes size from nine male carcasses of red 
foxes indicate that these measurements overlap from late November to early 
January within the two age groups as defined by baculum criteria. 


The figures of Tables 8 and 9 make it evident that a larger percentage of 
adult than juvenile pelts are in prime condition during the open season, but it 
is equally obvious that extensive overlapping prevents the use of this observa- 
tion in determining the age of individual pelts. 


Sex and Age Ratios. The sex ratio of 256 red fox pelts trapped in 1947- 
48 was 156 males to 100 females, or 60.9:39.1. In a sample of 100 red foxes 
in Missouri, Bennitt and Nagle (1937) found the nearly identical sex ratio 
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of 60:40. Eighty-six Ohio gray foxes trapped in 1946-47 were exactly evenly 
divided. Of 14 pelts collected in 1947-48, nine were from males. The com- 
bined sex ratio of these 100 gray foxes was 52 males; 48 females. Bennitt and 
Nagle (1937) derived a somewhat similar 54.5:45.5 ratio from 55 gray fox 
specimens there. Whether any of these are true ratios is not known. 


The juvenile: adult ratios of female red foxes as determined by the size of 
teats is shown in Table 8. 


TaBLe 8.—Sex and age ratios of 256 central Ohio red fox pelts. 


Total Total Juvenile Adult 

Pelts males females females females 
Prime 78 39 ll 18 
Unprime 78 61 27 18 
Totals 156 100 38 36 
Sex and age ratios 60.9 39.1 1.06 1.00 


In contrast to the nearly even age ratio among red fox females determined 
by this study, Gier (unpublished) found a ratio of 2.54 females without 
placental scars for every one with such scars. This ratio occurred in a sample 
of 85 Ohio red foxes collected from October to December, during the years 
1939-1946. The placental scars average 6 in number among the 24 adults. 


The age ratio of female gray foxes as determined by pelt examination is 
shown in Table 9. These results are for animals collected during the open 
season of 1946-47 and kept in storage for a year. 


TABLE 9.—Sex and age ratios of 86 central Ohio gray fox pelts. 


Total Total Juvenile Adult 

Pelts males females females females 
Prime 25 25 13 12 
Unprime 18 18 12 6 
Totals 43 43 25 18 
Sex and age ratios 50.0 50.0 1.39 1.00 


Four of the only five 1947-48 gray fox females seen were juveniles. 


For gray foxes, Gier (unpublished) found that 2.13 females without 
placental scars occurred in October-December carcass samples for every female 
with such scars. He viewed 108 Ohio carcasses taken during these months 
in the years 1939 through 1946. Gier found 4.1 placental scars per adult 
female. 


According to Gier, who based his beliefs largely on the fur dealers’ reports 
summarized by Leedy (1946), the years of his study were years of steadily 
increasing population abundance with the peak being reached during the open 
season of 1945-46. “The take”, he says further, “declined drastically in 1946- 
47 from the 1945-46 level”. 
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The reduced juvenile: adult ratio in females of both species found in the 
present study may be related to a recent decline in abundance. This decline 
in turn appears to be associated with an increased incidence of mange, dis- 
temper, worms and rabies (Gier, unpublished). Leedy (1948) found the 
1947-48 reported trappers’ kill of foxes to be well under the average catch of 
the previous ten years. 


MEPHITIS MEPHITIS—Striped Skunk 


As a consequence of the closed season in 1947-48, no trapper-prepared pelts 
could be examined during this study. Seventy-four study skins of female 
striped skunks and 10 bacula were examined at the U. S. National Museum. 
These were from all parts of the United States. Six skunks were live-trapped, 
examined and released near Columbus, Franklin County, Onio, between July, 
1946, and February, 1947. 

Sex determination. The sex of cased skunk pelts, like most other fur- 
bearing mammals, can be easily determined by means of the penis scar. 
Bennitt and Nagle (1937) tallied 438 males and 322 females (57.6:42.4) in 
the Missouri 1934-35 kill. 

Age determination. Hamilton (1937) says that in New York “young 
of the year are seldom trapped during the winter. Irrespective of sex, they 
enter hibernating quarters with the first cold snap, and frequently remain 
denned until mid-March. Perhaps one in a hundred appear in the fur- 
buyer’s hands. Pelts of these young animals are characteristic. Not only are 
they small, but always unprime, and frequently with much less fat than the 
large pelts exhibit. It is probable that, because of the prolonged hibernation, 
that many of the yearlings do not breed.” 

Allen (1939) in Michigan believed that size and weight are “the best 
indicators of age available, but they are not considered infallible.” He does 
not specify exact weight and size limits for juveniles and adults, but from his 
data he apparently considers animals which are less than 1,250 grams in weight 
and less than 535 millimeters in total length to be young of the year. His 
observations apparently apply until about January 1. 

Females. Female skunks which had bred could easily be distinguished 
from those which had not by differences in the size of the teats. Allen (1939) 
examined 36 female skunks in the breeding season. All 18 of those seen 
after April 1, were pregnant. He found that young skunks may breed a 
few weeks later than old ones, but there was no evidence that any appreciable 
number of female skunks failed to breed. In view of these data, it seems 
likely that teat characteristics are useful in the determination of age in 
females. 

Adult nipples in striped skunks are at least two millimeters in diameter, 
2.5 millimeters in length, and almost invariably quite dark. [Even in dried 
skins, many teats measured up to eight millimeters in length. Nipples of 
this type usually are easily located by touch or sight in the sparse belly hair 
characteristic of most adult females. Juvenile teats are less than one milli- 
meter in diameter, scarcely raised, and nearly always flesh-colored. They are 
difficult to locate both because of their small size and the greater density of 
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the belly hair of most juvenile females. Male skunks have tiny nipples which 
are considerably smaller than those of juvenile females. 

Of 20 skins of full-grown females from all parts of the United States at 
the National Museum and collected between September 1 and February 1, 
fourteen were juveniles, six were adults. 

Males. The penis bone of this species is small and weak; only 10 could 
be obtained for study. Whether it would prove practical to collect and study 
numbers of skunk bacula is debatable. Probably the age ratios of females 
would prove adequate for most survey purposes. 

It seems likely, however, that age 

differences can be detected in skunk 

Pan CURTS FOLSE LABORATORIES _ bacula even rather late in the season. 

Figure 8 shows the characteristic of 

these bones. Probably, of the three 

bacula pictured, one collected in 

Maryland on January 26, 1902, is ju- 

venile (top, Figure 8). It is slender, 

has no enlarged tips and is more ir- 

regularly curved than the adult penis 

bones. In addition to the bones illus- 

trated, Dr. William H. Burt kindly 

loaned seven others for study. Three 

Wass V Barley tics, while four were adult (late 

eS spring and summer) specimens. These 

bacula were from Michigan, Mon- 

tana, Nevada, and South Dakota. 

The four immature bacula ranged 

from 14 (in August) to 19.5 (in 

March) mm. long. The six bones 

with enlarged basal parts were prob- 

ably from adults. They ranged from 

21 to 23 millimeters long. One such 

specimen collected in Michigan on 

February 2, 1938, showed limited adult characteristics and was apparently 
nearly a year old. 


Fig. 8.—Bacula of juvenile (upper- 
most) and adult (lower two) skunks. 


MusTELA FRENATA—Long-tailed Weasel 


Few weasels were bought in 1947-48 by Franklin County, Ohio, fur- 
buyers, and only 30 pelts and four bacula could be examined. 

Sex determination.—Sex identification in weasel pelts is by means of the 
presence of the penis scar. Only 12 of 30 pelts were of males. In contrast, 
Hamilton (1933) says that the males outnumber the females approximately 
three to one. He believes this is due to the light weight and smaller size of 
the female which prevents it from being caught by traps set for heavier ani- 
mals and which may cause it to be discarded by many trappers if it is caught. 


Age determination——Hamilton (1933) provides general notes on the 
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growth of young weasels up to 75 days of age. He states that the permanent 
dentition is complete at that time. 

Males. Wright (1947) has discussed age difference in the baculum of 
the weasel. He found that, until male weasels are 11 months of age, their 
bacula weigh between 14 and 29 milligrams while adult penis bones are be- 
tween 53 and 101 milligrams in weight. These weights, are for M. f. oribasa. 
M. f. longicauda, according to Wright, has a slightly larger baculum. Other 
age differences of weight, testes size, and cranium are given by Wright, but 
he considers them less reliable than the baculum. The differences in appear- 
ance between juvenile and adult bacula are as diagnostic of age as the differ- 
ences in weight. The bases of adult penis bones are greatly expanded while 
those of juveniles are scarcely larger than the shafts. Wright (1937:349) pro- 
vides a photograph of a baculum of each age class. 


Females. Though in the related stoat (Mustela erminea) (Deansley, 
1935) and mink (Mustela vison) (this study) adult females have larger 
teats than young females, only one of the 18 female weasel pelts examined 
had discernible nipples. The four pairs of teats normally are located in the 
post-abdominal and inguinal regions (Hamilton, 1933). 


It is assumed that the dried teats of both juvenile and adult weasels are 
so small as to easily escape detection. No suitable criteria for determining the 
ages of pelts of female weasels were determined during this study. 


TAXIDEA TAXUS—Badger 


The specimens studied were 50 study skins of females and 16 bacula of 
males in the U. S. National Museum. 

Sex determination—As a consequence of their rarity in Ohio no pelts 
were seen in this study but doubtless sex can be determined in cased skins by 
the presence or absence of the penis scar as previously decribed for other 
species. 

Age determination.—Females. Specimens dated between September 1 and 
May 1 had one of two types of teats. Adult females were characterized by 
large, obvious dark teats. Teats of this type were four to six millimeters in 
diameter and four to ten millimeters in length even in the dried skins. The 
belly hair of most adults was sparse. Juvenile females, on the other hand, 
possessed small dark nipples which were difficult to locate in the more dense 
belly hair. They measured about 1.5 millimeters in diameter and about one 
millimeter in length on the dried skins. 


Of the 29 skins at this season, seventeen were adults; 12 were young of 
the year. During the period from September 1 to February 1, which would 
include the usual trapping season of most states, eight adults and nine juven- 
iles were counted. 


Since size differences also prevail during the summer months, 18 large 
females bearing labels dated between May 1 and September 1 were checked. 
One of these had juvenile-type teats and appeared to be a non-breeding adult. 
Three additional small juveniles were also tallied during this period. 


There is no doubt that the size of the teats will serve as an age criteria 
of pelts as well as of study skins. 
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Males. Figure 9 illustrates 15 of the 16 bacula studied. They were of two 
distinct types. Juvenal badger bacula (right) were short, light-weight, with 
only shallow grooves, without protuberances and with the basal portions only 

slightly enlarged and never ridged. 

Adult bacula (left), in contrast, were 

long, heavy, with prominent grooves 

and protuberances, and with the ba- 

sal portion much enlarged and often 

sharply ridged. The two topmost ju- 

venile bacula in the photograph are 

from spring specimens and show signs 

of maturity. The sharp distinctions 

between the two age classes are evi- 

dent in Figure 9 and in Table 10. 

' There is no evidence of overlapping 

characteristics even after the usual 

Fig. 9.—Bacula of juvenile (right-hand  ‘t@PPINg season. Nine young and 

column) and adult (left-hand column) seven adults comprised the sample of 
badgers. 16 bacula seen. 


TaBLe 10.—Lengths of juvenile and adult badger bacula in the U.S. National Museum. 


Juveniles Adults 


Date. State E State Length! 


Wyoming 952 

7- 7-98 Nevada - New Mexico 96 
— Texas -23- — 

8-28-93 Wyoming - California 

9. 4.94 Montana -29- California 

9-12-01 New Mexico Wyoming 

1-23-92 California 12-21-90 Texas 

3-12-91 Nevada 

5-11-91 California 


1 Measured from tip to tip in a straight line; in millimeters. 
2 Including four millimeters added to compensate for amount apparently cut off in 
preparing the specimen. 


SUMMARY 


The determination of sex and age in pelts and carcasses are described 
for the muskrat, raccoon, mink, red fox, gray fox, striped skunk, long-tailed 
weasel and badger. In the muskrat the accuracy of the nipple sites as sex de- 
termination aids, and of the internal sex organs, the external genitalia and 
pelt primeness patterns as age determination criteria is discussed. Some addi- 
tional pelt criteria are suggested for increasing the precision of the pelt prime- 
ness pattern method of age determination in this species. In all other fur- 
bearers considered, the primary criterion for sex determination in pelts is the 
presence or absence of the penis scar of the male. The basic criteria for separat- 
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ing first-year from adult animals of these species involve the development of 
the teats of females and the bacula of males. Other published and new criteria 
also are reviewed. Sex and age ratios for Ohio populations of most of these 
species are provided. For the muskrat, where extensive published ratios sup- 
plemented those of the present study, age ratios may provide an index to 
trapping pressure. 
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Turtle Populations in Louisiana* 


Fred R. Cagle and A. H. Chaney 


Tulane University, New Orleans, La. 


The role of turtle populations in fresh water biology has been generally 
ignored although these animals may, in some areas, be the dominant verte- 
brates. Available information is inadequate to define precisely the relation of 
any turtle population to that of another animal. 

Analysis of the significance of aquatic turtle populations in fresh water 
requires information on the abundance and habitat preferences of each species. 
Trapping provides the best basis for estimating this information. Traps are 
unsatisfactory in that they are selective for certain size groups of each species 
and catches vary with the type of bait, method of set, water temperature, and 
water depth. Too, the first individual to enter a trap may determine the nature 
of the total catch. Thus a large Chelydra or Macrochelys in a trap will often 
prevent others from entering, and a female will attract males during the periods 
of sexual activity. Such factors must be considered when utilizing trap returns 
in population studies. Hand collecting tends to produce an abundance of 
Pseudemys, Chrysemys, and Graptemys but few Amyda, Macrochelys, or 
Chelydra. Regardless of these factors in trapping, which cannot be evaluated at 
present, trap results are the best basis for determining relative abundance. 

Turtle traps were operated in 14 water bodies in Louisiana during the 
summer of 1947 (Fig. 1). The traps were made of 1” square mesh netting 
suspended on three 36” diameter steel hoops. An adjustable net throat was 
attached at one end and a draw string outlet at the other. Bamboo poles 
were used to spread the three hoops and to hold the traps in place. Bait 
(fresh gar, bowfin, catfish) was suspended in a can just in front of the open 
throat. 

Traps were usually checked twice daily. All turtles were counted, sacked, 
and moved to a shore station where they were measured, marked, and released 
or were shipped to the Tulane laboratory for further investigation. 

Turtles of the following species were trapped: Pseudemys scripta troostii, 
Amyda spinifera subsp., Chelydra serpentina, Macrochelys temminckii, Kino- 
sternon subrubrum hippocrepis (and intergrades with Kinosternon subrubrum 
subrubrum), Graptemys pseudogeographica pseudogeographica, Sternotherus 
odoratus, and Deirochelys reticularia. The generic name alone is used through- 
out this paper when reference is made to these species. Some individuals of 
Pseudemys floridana mobilensis, Graptemys oculifera, and Sternotherus cari- 
natus were collected. 

AREAS STUDIED 

An attempt was made to trap a variety of waters and to obtain samples 
from representative areas in the state (Fig. 1). The 14 sites trapped included a 
roadside ditch, 7 lakes, 5 streams, and a coastal ship channel. 


* This research was supported in part by funds allocated by the Tulane University 
Council on Research for a five-year survey of the herpetofauna of Louisiana. 
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Roadside ditches, Lutcher—These ditches, formed by excavation for earth 
fill used in the roadbed of a highway, are 2-3 feet in depth. The water fluctu- 
ates radically with the seasons and long stretches of the ditch may be dry 
during some years. The water is muddy and in many places covered with 
water hyacinth and alligator grass. Willow and dogwood grow along the 
shores. In 817 trap hours June 13, 14, 97 turtles, 90 Pseudemys, 5 Chelydra, 
and 2 Sternotherus were collected. Trot lines operated for 3200 hook hours 
yielded additional Pseudemys but no other species. 


False River.—This lake, originally a part of a bend in the Mississippi 
River, is exceptionally rich in vertebrate life. The clear water supports an 
abundance of submerged vegetation and sportsmen acclaim it as one of the 
better Louisiana fishing lakes. The shallow ends are blanketed by mats of water 
hyacinth which are used as turtle basking sites. The turtle population appeared 
to be concentrated in these shallow areas. In 608 trap hours June 16, 17, 245 
turtles were taken. Of the 245, 145 were obtained from 14 traps during an 


Fig. 1.—Localities in which traps were operated. 1. Caddo Lake; Caddo Dam. 2. 
Lake Bistineau. 3. Caney Lake. 4. Lake Providence; Tensas Bayou. 5. Sabine River. 
6. Lake Iatt. 7. False River. 8. Pearl River. 9. Sabine Refuge. 10. Lacassine Refuge. 
11. Lake Arthur. 12. Lutcher ditches. 
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8 hour period. Pseudemys was the dominant form, but Amyda, Chelydra, and 
Sternotherus were captured. 


Lake Iatt—Lake Iatt is an extensive cypress swamp crossed by many nar- 
row channels, which are often enlarged to form deeper pools. The water was 
muddy and a slight current was present. Cold, rainy weather caused a reduc- 
tiun in trap yield here. Only 24 turtles were collected in 496 trap hours. Three 
Macrochelys were taken in night sets during the wet weather. When the 
weather cleared, Pseudemys were collected. 


Lake Bistineau.—This lake was formed by flooding a cypress swamp. The 
clear water supports an abundance of aquatic life. Turtles were common but 
trapping results were not satisfactory in that proper bait was unavailable. In 
406 trap hours only 2 forms, Pseudemys and Amyda were trapped. One 
Chelydra was observed in shallow water. 


Caddo Lake—Caddo Lake is a large lake in the northwest corner of 
Louisiana. The water was covered with a light oil film from the oil wells in 
the lake. Vegetation around the shore where the traps were set included cy- 
press and willow trees, water lilies, cattails, and water hyacinth. 

One inlet was trapped extensively. Although numbers of Graptemys pseu- 
dogeographica pseudographica and Sternotherus carinatus were observed bask- 
ing, only one of each species was trapped. In 1,413 trap hours 29 Pseudemys, 
15 Amyda, and 2 Macrochelys were collected. 


Caddo Lake Spillway.——This river draining the Caddo Lake overflow was 
muddy and the current swift. Repeated floodings had cleared the sandy 
shores of all trees except well-established cypress and willows. Turtles were 
observed in large numbers but six traps set in protected areas yielded few 
turtles. The failure may well have been a result of the great abundance of 
dead shad in the water. Turtles were observed feeding on these at night. 

In 325 trap hours 87 turtles were taken. Amyda was the most abundant 
form and 3 Graptemys were taken. Both these turtles are well adapted to liv- 
ing in current. 

Hand collecting at night along the shores of the creek yielded 208 small 
turtles of which 39.9 per cent were Pseudemys, 38.9 per cent Graptemys, 11.6 
Amyda, 7.6 per cent Sternotherus, and 2.0 per cent Kinosternon. 


Caney Lake.—One lotus-covered inlet of this clear water, artificial lake was 
trapped. Turtles were not common and only 13 were taken in 138 trap 
hours. The relative abundance of Kinosternon was surprising. There had been 
a systematic attempt to eliminate the turtles from the lake but it is doubt- 
ful if such attempts had influenced the normal population. The lake is deep 
and has few shallow inlets to provide satisfactory turtle habitat. 


Lake Providence-——The margins of this ox-bow lake did not furnish shal- 
low inlets with available basking sites. In 270 trap hours 39 turtles were 
taken. Pseudemys was the dominant form. 


Tensas Bayou.—The bayou, entering the southern side of Lake Providence, 
is cluttered with debris, tree tops, and logs. The slow moving water supported 
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large number of turtles that crowded all available basking sites. Traps yielded 
99 turtles in 390 trap hours. Macrochelys occurred here in greater relative 
abundance than in any other area trapped. Amyda were present but not 


abundant. 


Lake Arthur.—Traps were set in inlets along the shores of the Mermentau 
River flowing into the lake. A single trap set in a hyacinth mat yielded 13 of 
the 25 turtles trapped. No Amyda were collected but a single Sternotherus 
carinatus and Macrochelys were captured. 


Lacassine Refuge —This refuge is located in the southwestern part of the 
marsh lands of Louisiana. The traps were set in inlets and coves along the 
ship channel running through the refuge. A typical spot was a small cove 
with the vegetation consisting of alligator grass, water hyacinth and, along the 
bank, saw grass, cypress knees, and snags. Two traps were set in a small 
pond. It was in these traps that the only Deirochelys were caught. 


Traps operated for 456 trap hours along the edges of the canal yielded 64 
Pseudemys and 23 Amyda only, but 2 operated in the shallow pond cap- 
tured 4 Deirochelys. 


Sabine Refuge.—The water of the canals crossing the marshes was distinct- 
ly brackish during the trapping period. Only 2 turtles, 1 Amyda and 1 Pseu- 
demys, were taken in 408 trap hours. 


Sabine River.—Traps set for 115 trap hours along the banks of the river 
about eight miles from Merryville yielded only 12 turtles, 8 Amyda and 4 
Pseudemys. The current here was very swift and as a result the traps had to 
be set in back water areas or near the numerous cypress logs that were in the 
river. 

DISCUSSION 


Although this trap measure of relative abundance must be judged in terms 
of the factors mentioned earlier it remains the best available criterion of the 
relative abundance of the Louisiana turtles. Improved and standardized traps 
operated with a more complete knowledge of turtle behavior may yield more 
individuals, but probably no better indication of habitat preference. 


Analysis of the trap yields suggests that the preferred habitat of Pseudemys 
scripta troostii is quiet, vegetation-crowded waters with available basking sites. 
The presence of protected inlets in streams with rapid current permits popula- 
tions of this species to become established. This form occurred in all the 
areas studied. 


Pseudemys floridana mobilensis was not taken in traps, but several indi- 
viduals were captured by hand. Insufficient data is available to determine the 
range or habitat in Louisiana. 


Amyda spinifera subsp. is gencrally assumed to find its optimum habitat in 
running water. It did occur in greatest abundance in streams with some cut- 
rent (Caddo Dam, Lacassine Refuge, and Sabine River) but was also com- 
mon in quiet areas (Caddo Lake, False River, and Lake Providence). This 
turtle was captured in 9 of the areas trapped. Amyda was collected in greatest 
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numbers in running water, 43 from Caddo Dam Spillway, and 23 from La- 
cassine. Its apparent abundance in such areas may be a result of the inability 
of other turtles to compete as much as the adaptation of Amyda to survival in 
current. 


Chelydra serpentina and Macrochelys temminckii are possibly more abun- 
dant than indicated by these results. Trap throats were so designed that it was 
difficult for large turtles to enter and the trap length was such that a large 
individual could rest in the throat and reach the bait without entering. Neither 
species was captured in traps set in current. Both occurred most abundantly in 
the same area (Tensas Bayou). 


Kinosternon was taken in traps only at Caney Lake where it represented 
46.2 per cent of the total catch. The traps were set near large beds of Lotus 
in 3-4 feet of water. Since Kinosternon is a difficult turtle to trap in localities 
where it is known to be abundant, the trapping returns in this lake suggest an 
exceptionally high population of this species. The turtle has been observed in 


Lacessine Refuge 


Sternotherus 


Sternotherus 


Macrochelys 


Fig. 2.—Trapping results in 12 Louisiana localities. The figures at the end of each 
column indicate the per cent of individuals of that species taken. 
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many shallow streams and rivulets feeding in water that did not cover tle 
carapace. 
~ 

Graptemys pseudogeographica pseudogeographica was taken in traps only 
at Caddo Lake and Caddo Dam. Hand colleccting and the presence of bask- 
ing individuals clearly indicated that they occurred in both these areas and in 
False River, Lake Bisteneau, Lake Providence, and Sabine River. These turtles 
were never observed in abundance. They are difficult to trap because they do 
not react to bait. 


Sternotherus carinatus was also reluctant to enter traps or was not attracted 
by the baits. Only one individual was trapped although they were observed on 
basking sites at Caddo Lake, Caddo Dam, False River, and Lake [att. 


Graptemys oculifera was not collected in traps operated near basking sites 
where the turtles had been observed in abundance. A single individual was 
collected by hand on the Pearl River near Varnado, Louisiana. 


These trapping records may be compared with those reported in Illinois 
(Cagle 1942). All of the genera trapped in Illinois were collected in Louisiana 
except Chreyemys. P. s. toostii constituted 20-87 per cent of the populations 
in Illinois; 33.4-96.2 per cent of the population in Louisiana. If, however, the 
Chrysemys and Pseudemys in the Illinois samples are consolidated, these two 
represent 35-94 per cent of the populations, a percentage occurrence similar to 
that of P. s. troostii in Louisiana. These data suggest that Chrysemys and 
Pseudemys may be competitive, Pseudemys filling the niche in Louisiana oc- 
cupied by Chrysemys in Illinois. Chrysemys picta dorsalis does occur in Louisi- 
ana but no populations were observed during this survey. 


Sternotherus represented 5-48 per cent of the Illinois samples but only 
0-5.7 per cent of the Louisiana samples; Chelydra, 0-11 per cent in Illinois, 
0-17.2 per cent in Louisiana. Macrochelys was not trapped in Illinois but con- 
stituted 0-12.5 per cent of the Louisiana populations. 
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An Anomalous Pulmonary Vein in an American 
Bullfrog, Rana catesbeiana Shaw 


John D. Soule 


University of Southern California, Allan Hancock Foundation, 
Los Angeles 7 


Generally the internal organs in a given species conform to a definite 
pattern or type, with minor deviations in branching or in size. Occasionally 
certain individuals are found that lack certain parts or contain structures devi- 
ating from the usual form to such a degree as to constitute an anomaly. Many 
anomalies are thought to be arrested embryonic structures that are carried over 
into the adult instead of disappearing during the developmental stage. 


The anomaly described in this paper was discovered in an adult male 
bullfrog, Rana catesbeiana Shaw. This animal had been injected with the cus- 
tomary red latex for the arterial system and blue latex for the venous system. 
In a circulatory system normal in every other respect there was an accessory 
pulmonary vein connecting the apex of the left lung with the spleen. On 
reaching the spleen this vein anastomosed with the splenic capillary system, 
which connected with the splenic vein. Within the lung the accessory pul- 
monary vein was formed by a union of many venules and capillaries. 


The photograph of the dorsal aspect shows the accessory vein arising 
at the tip of the lung and passing to the spleen. In addition the follow- 
ing structures are visible; the coeliaco-mesenteric artery, the splenic artery, 
a portion of the splenic vein, fat bodies, right and left lungs, mesentery, a part 
of the stomach, and the heart with the normal pulmonary veins entering the 
left auricle. The photograph of the ventral aspect shows the heart and the 
stumps of the systemic arch, the left pulmonary artery intact, the right pul- 
monary cut away, the anomalous vein, and all of the other structures men- 
tioned above. 


So far as I have been able to determine, this is the only record of such an 
anomaly in Rana catesbeiana. O'Donoghue (1931) discusses six cases in which 
accessory pulmonary veins had been found in Rana temporaria. None of these 
blood vessels entered the spleen or into the splenic vein. Crawshay (1906) 
records an anomalous vein from the left lung to the rectal branch of the 
hepatic portal vein. Mudge (1899) records a vein from the left lung and one 
from the right lung both going to the hepatic portal vein and crossing but 
not connecting with the spleen. Shore (1901) records three veins issuing from 
the same left lung; one to the mesenteric vein, one to the haemorrhoidal vein, 
and the third to the spleen. Shore in the same paper also records an anomaly 
passing from the left lung to the rectal vein, and again in a later paper (1900) 
records one from the right lung and one from the left lung, both going to 
the hepatic portal vein. All of these were found in Rana temporaria. 
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The anomaly described above cannot readily be explained from the embry- 
onic point of view, as such a connection probably does not exist in normal 
developmental stages. If but one or two had been previously described in the 
literature, this accessory vein might be dismissed as an embryonic accident, 
but this is not the case. As early as 1900 Warren commented upon its recur- 
rence in R. temporaria. Warren was one of the first to note, as did Watson 
in 1896, the similarity between these pulmonary anomalies and the vascular 
system in some Teleostomi where arteries and veins join the swim-bladder 
with the hepatic portal system. Warren (1900) says, “It is still, of course, an 
open question whether the present example is to be regarded as a reversion 
or as a casual variation which happens to simulate such a reversion. However, 
the fact that similar variations have been observed three times in the past three 
years is certainly in favor of the view that we have here a true reversion to a 
fish-like ancestor and from this point of view I think the variation possesses 
considerable interest.”’ Until the instance recorded in this paper, R. temporaria 
was the only species in which such an anomaly had been recorded. The rec- 
ords show that R. temporaria predominates in vascular anomalies of every 
variety, whereas R. catesbeiana, R. esculenta, and R. pipiens by comparison 
are very rarely mentioned. 


Dorsal (left) and ventral view of viscera and accompanying blood vessels in Rana 
catesbeiana. 


Abbreviations: AAPV—anomalous pulmonary vein, CM—coeliaco mesenteric artery, 
FB—fat bodies, H—heart, LL—left lung, M—mesentery, PA—pulmonary artery, PV— 
pulmonary vein, RL—right lung, S—spleen, SA—splenic artery, SV—splenic vein, ST— 
stomach, SY A—systemic artery. 
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Observations on the Behavior of the Larvae of the 
Common American Newt During Metamorphosis’ 


Claude S. Chadwick 


Vanderbilt University, Nashville, Tenn. and The Highlands 
Biological Laboratory, Highlands, N. C. 


To the student of evolution the Amphibia are an extremely inteiesting 
group because they are the first vertebrates to have successfully left water and 
assumed a land habitat. Among the Amphibia Triturus viridescens viridescens 
is most interesting in that it shows complete adaptation to a water habitat 
during its larval and adult stages and to a land habitat during its immature 
“red eft” stage. This peculiar life cycle, together with the facts that it is our 
most widely distributed salamander and that it undergoes adaptation in locali- 
ties differing greatly as to temperature extremes, humidity, and elevation, make 
it an ideal form on which to study the adaptive mechanisms involved in the 
evolutionary changes from water to land and from land to water. 


The writer has for some years been interested ir. the endocrine glands as 
factors in causing the return of “red efts” to water. The evidence clearly indi- 
cates that the pituitary gland produces a hormone that induces the “water 
drive” and adaptation to water (Reinke and Chadwick, ’39, 40; Chadwick 41). 
Turning now to the other end of the life cycle, the writer is investigating the 
relationship of the pituitary gland to the change from water to land that occurs 
as the larvae undergo metamorphosis. 


A close survey of the literature relating to this problem reveals that there 
is little precise information available on the normal metamorphic process in 
Triturus. The excellent reports by Gage (91a), Pope (’24) and Bishop (’41) 
give a good account of the life cycle as a whole but fail to cover metamorpho- 
sis in much detail. Wilder (25) has written an admirable monograph on the 
morphology of amphibian metamorphosis, mainly as revealed by Eurycea bis- 
lineata, but records little concerning the metamorphosis of this form or of 
Triturus. It was necessary for the writer, therefore, before undertaking experi- 
mental procedures, to make an extensive study of the normal metamorphosis in 
Triturus. 


It is thought that these observations should be of general interest for at 
least two reasons; first, because they extend and amplify our information 
regarding the life cycle of this interesting species and, second, they show cer- 
tain contrasts between the phenomena of metamorphosis as they occur in the 
Highlands iocality—the highest and most humid area in which Triturus viri- 


1 This investigation was supported in part by the Margaret Cannon Howell fellowship 
at the Highlands Biological Laboratory. 
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descens is found—with what has been described for Triturus in areas at a much 
lower elevation and farther north. 


These observations were made at the Highlands Biological Laboratory, 
Highlands, N. C., between August 20th and September 15th, 1947. Meta- 
morphic and earlier tarvae were very abundant in the lakes and ponds of this 
area during this period. The larvae were collected as needed from Ravanel 
Lake, just a stone's throw from the laboratory. One had only to take a small- 
mesh hardware cloth dipper and scrape the bottoin of the lake along the shore 
to collect them. A hundred or more larvae could be collected with a half 
dozen dips. The larvae were kept in the laboratory for the most part in 41/2 
inch finger bowls, four to six larvae per bowl. Larger containers were prepared 
for certain experimental procedures to be described below. Numerous larvae 
at various metamorphic stages were killed and fixed for later microscopic study. 


The observations are recorded under nine topical headings below. 


1. The vespiratory reflex.—A very characteristic behavior of water-dwelling 
stages of Jriturus is their frequent darting to the surface of the water for air. 
It is an action common to both larvae and adults, and I have ventured to call 
it the “respiratory reflex.’ Whipple (’06) describes the act as “‘a quick gulp- 
ing motion by means of which the water in the mouth 1s replaced by air.” 
Studying the incidence of the act in the adult Pope (’24) found it to occur 
once every 2.85 minutes. Hle found further that if the adults were not allowed 
to come to the surface for air they would die within ten to twelve hours. He, 
and previously Whipple, found that if fresh or running water were continually 
provided the animals they could live for much greater periods without coming 
to the surface. 


Larvae show identically the same behavior as the adults in spite of their 
extensive external gills. Just before a given larva under observation starts the 
reflex cycle it makes a few restless movements on the bottom of bowl. It 
then darts suddenly to: the surface. As the snout pierces the surface there is 
a snapping, or popping, sound. It then turns towards the bottom of the con- 
tainer and as it does so usually emits one large or a succession of small gas 
bubbles, as though it had taken in too much air at the surface. These bubbles 
are, in most cases emitted from the mouth but occasionally, if the head is 
pointed downward, through the gill clefts. 

The rapidity with which the larvae perform this act seems, as in the adult, 
to depend upon the freshness of the water. In one bowl of four larvae that 
had been kept in the laboratory for four days the larvae averaged one gulp 
every 100 seconds. In another bowl containing larvae that had been collected 
the previous day the average was once every five minutes. The incidence of 
the act increases as the time for metamorphosis approaches. This is obvious 
from the fact that large larvae show the reflex more often than do small ones. 


The fact that water stages of Triturus show this reflex is an indication that 
they are not fully water adapted. The skin and the gills do not provide sufh- 
cient respiratory surface for the animals to get enough oxygen and they are 
forced to amplify their oxygen supply by frequent excursions to the surface. 
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This fact may have an important bearing on the problem as to what causes the 
larvae to metamorphose to a terrestrial habitat. 


2. Externaily visible characteristics that indicate approaching metamorpho- 
sis—(a) The keel, which in earlier larvae is a broad semi-transparent structure 
extending along the mid-dorsal line from a point just posterior to the level of 
the gills to the tip of the tail and along the mid-ventral line from the posterior 
angle of the vent (cloaca) to the tail up, disappears except for a slight ridge. 


(b) The gills become reduced to about two-thirds their maximum larval 
length and show a pronounced curl posteriorly and downward. They are never 
completely resorbed before the animal leaves water, but persist as hardened, 
black placques, one on each side, covering the gill clefts after the animal has 
left water. 


(c) The gular fold becomes adherent ventrally. This sealing of the gular 
fold begins in the midline and gradually extends laterally to the bases of the 
gills. 


(d) The skin texture becomes rough as a result of the appearance of numer- 
ous papillae. 


(e) The color is in general reddish-brown dorsaily and light yellow ventral- 
ly, but is so variable that it may not be taken as a definite indication of im- 
pending metamorphosis. 


(f) The size of metamorphic larvae is quite variable. The overall length 
varies from 34 to 43 mm. at the time they leave water and go to land (see 


below). 


3. Molting and other skin changes.—At least one molt is thrown by each 
larva in the last week of premetamorphic life and is one of the most certain 
indications of impending metamorphosis. The shed skin is a complete cast of 
the body, including the tips of the toes and gill filaments. It is an interesting 
fact that molting does not occur until the skin has become roughened by the 
appearance of numerous papillae and until numerous well-defined glands have 
appeared underneath the epidermis. The papillae are readily observable in a 
shed skin under a wide field microscope and each is pierced by a pore, indicat- 
ing that a gland reaches the surface through it. Microscopic sections of the 
skin reveal, however, that the majority of the skin glands do not open out 
through the papillae. The latter play an important part in the casting of a 
molt by pouring their secretions out beneath the cornified layer and separating 
it from the underlying cells. 


4. Reactions of larvae at time of metamorphosis.—The larvae of Triturus 
viridescens are predominantly bottom dwellers. In laboratory bowls they stay 
on the bottom except for the tumes they dart to the surface for air. In collect- 
ing them one has to drag the net along the bottom of the pond. In the mud 
and water weeds of such dredgings the writer has often counted as many as fifty 
larvae. In dippings that do not touch bottom they are rarely seen. 
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At the time of metamorphosis the larvae leave the bottom and float just 
beneath the surface, apparently trying to keep their nares through the surface 
film. If, while in this condition, they are pushed to the bottom, they immedi- 
ately float back to the surface. It is likely that the lungs at this time are full 
of air and serve as floats and that this surface dwelling is passive rather than 
active. Given access to land or if placed on land while in this condition they 
immediately start respiring, the skin dries out, the gills flatten against the body 
and in an amazingly short time the larvae are fully land adapted. The color 
lightens as the skin dries and is predominantly greenish in most cases. Within 
a week after leaving water the color of many becomes the typical red of the 
land stage. The quickness with which the larvae adapt to land and aerial life 
is the most striking part of the metamorphic process. 


5. Death of larvae not allowed to leave the water.—Thirty-one larvae 
apparently ready for metamorphosis were divided among five finger bowls of 
pond water, each containing some pond vegetation, and observed during the 
week of September 4 to 10. The depth of the water in the bowls was such 
that the animals could not crawl out but could bring their external nares to the 
surface. Younger larvae were placed in the bowls as controls. Every one of 
the thirty-one larvae died in the act of metamorphosis. The younger larvae 
were active throughout the experiment and later underwent normal metamor- 
phosis when transferred to a larger container with available land. 


This experiment proves that there is a crucial point during the act of meta- 
morphosis at which the larvae must have access to air. This access must be 
complete, i.e., the animals must be able to get out of the water completely. 
Failure to do so inevitably results in death. 


In this connection it is interesting to note that young efts, during the first 
day or so after they have completed metamorphosis and have become adapted 
to an air habitat, can go back to water and stay for considerable periods. But 
their adaptation is away from water and within a week they are so adapted to 
the terrestrial habitat that they show a definite water avoidance behavior. 


6. Movement to land a nocturnal phenomenon.—To test this idea a large 
container was prepared in emulation of the natural pond habitat. On one side 
of the container was pond water and pond vegetation, on the other a shore con- 
sisting of sand and pebbles and some sphagnum moss. Fifty premetamorphic 
larvae were placed in the water of this container and left to complete their 
metamorphosis. Frequent observations were made during each day but only 
an occasional larva was seen to move to land. On returning to the laboratory 
each morning, however, from four to eight larvae would be found fully meta- 
morphosed and resting on land. The fifty larvae all metamorphosed during 
the week of September 4-10, and forty-five out of the fifty did so between the 
hours from 6 p.m. to 9 a.m. the next morning. It would seem from these 
observations that emergence to land is chiefly nocturnal. 


7. Tropisms shown by metamorphic larvae—It has been mentioned above 
that the larvae of Triturus are bottom dwellers. This response of the organisms 
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as a whole may be construed as a positive geotropism and possibly also as a 
positive thigmotropism in the sense that they keep in contact with the bottom 
of the pond or container. Their leaving the bottom and floating just under the 
surface at the time of metamorphosis is obviously an attempt to get air or to 
get out of water into air and is thus a reversal of the larval response of remain- 
ing on the bottom. In the larval condition they seem indifferent to light but 
after they have gone to land they become strongly phototropic. This was 
tested repeatedly by means of the following experiment: A dozen or so recent- 
ly metamorphosed efts were placed in a large bowl, the bottom of which was 
covered with about an inch of sandy earth, and the bowl placed about three 
feet from a window with northern exposure. The efts all moved towards the 
window side of the bowl when disturbed. The bowl was then rotated 180 

and the efts, now on the room side, turned and moved again to the window 
side. Left undisturbed they would move at random over the bowl and come 
to rest at various palces without regard to the intensity of the light. But upon 
again being disturbed they moved to the window side. 


8. Measurements of animals at metamorphosis.—All of those larvae that 
died in the act of metamorphosis were carefully measured as to total length, 
trunk length (from the tip of the snout to the posterior angle of the vent), and 
tail length (trom the posterior angle of the vent to the tip of the tail). In 
addition to 31 of these, 25 efts that had been on land no longer than 12 hours 
were measured. The measurements of the iatter were not significantly different 
from the former. 


The overall length of animals at metamorphosis was 38.04+ .486 mm. Ex- 
tremes were 34 and 43 mm. in length. The standard deviation was 2.33. The 
mean trunk length was 20.7 mm., the mean tail length 17.26 mm. 


9. Experiments on forcing metamorphosis.—Several factors led the writer 
to believe that premetamorphic larvae could be forced to undergo adaptation 
to land if placed there. These factors were roughening of the skin, molting, 
gradual reduction of the keel and the sealing of the gular fold, but most not- 
ably the increased incidence Of the respiratory reflex as the animals neared 
metamorphosis. 


To test this possibility 25 larvae in different stages of development were 
taken from water and placed on land. Their stage of development at the time 
of forcing was recorded and their subsequent reactions studied. 


It was found that larvae could be forced to adapt to a land habitat several 
days before they would do so normally. Any larva that had a papillose skin 
and a partially resorbed keel could be successfully forced. Such larvae readily 
took to land, started aerial respiration in 3 minutes to 2 hours and underwent 
all of the other changes that normally occur in land adaptation. 


It is interesting that earlier larvae, 1.e., those without a papillose skin, nor 
any reduction in the keel, lived for 1 to 3 days when forced to land. Their 
skins did not dry out but remained slick and glairy, nor did they start aerial 
respiration. Instead they continued to show respiratory reflex described above 
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as being characteristic of water-dwelling stages of Triturus. None of the 
younger larvae survived beyond the third day. 


DISCUSSION 


The life cycle of the Highlands newt differs from that of the same species 
in the New England States in three points: 


In the Highlands locality there is a sharper separation of animals from 
water as they metamorphose. Pope (°24) states that the larvae he collected 
in New York, New Jersey, Pennsylvania and other northeastern states may 
complete their metamorphosis in water without the necessity of entering air. 
Highlands larvae die if they reach the metamorphic point and are not allowed 
access to air. Pope states further that “the larva always becomes terrestrial 
after the loss of its gills.” This observation is borne out by his excellent photo- 
graphs, which show the gills completely resorbed in metamorphic larvae still 
living in water. Highlands larvae migrate to land before the gills are com- 
pletely resorbed. 

The Highlands larvae are much larger at the time of metamorphosis than 
those of the New England states. Pope ('24) gives 32 mm. as the length of 
the largest metamorphic larvae he saw. Bishop (’41) gives the average length 
of fully developed larvae as 35.1 mm. The Highlands larvae averaged 38.04 
mm. in length. 


The Highlands larvae invariably molt preceding metamorphosis. ‘This fact 
seems to have escaped the attention of others who have studied the life cycle 
of Triturus, but Wilder ('24) states that the larvae of Eurycea bislineata always 
molt before completing metamorphosis. Molting is but one indication that 
the skin of Triturus larvae is fully prepared for life on land several days before 
they leave water. ‘The skin also is thick, papillose and plentifully supplied with 
acinous glands. This condition of the skin is probably the reason for the in- 
creased incidence of the respiratory reflex as the larvae approach metamorphosis. 
It has lost to a considerable extent its usefulness as a respiratory structure and 
the animals are forced to amplify their oxygen intake by inspiration of air. 


SUMMARY 


Metamorphosis of the larvae of Triturus viridescens in the locality of High- 
lands, N. C., involves the following changes: The skin becomes papillose, 
molting occurs, the keel is resorbed, the gular fold seals and the gills become 
partially resorbed. These changes occur during the last 10 days of premeta- 
morphic life. Having completed them the larvae leave water and assume a 
fully terrestrial habitat. Larvae showing any one or a combination of these 
changes can be forced to a land habitat and will successfully adapt to it. Lar- 
vae not allowed to leave water on completion of these changes die. 
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Fishes in Water Pipes 


Accounts of the Troubles Caused by These Intruders 
and the Why and How of This Behavior 


E. W. Gudger 


American Museum of Natural History, New York City 


INTRODUCTION 


That fishes do many unexpected and well-nigh inexplicable things is 
attested by many students of these lowest vertebrates. It has been my good 
fortune to record a number of such personal observations, and also to bring to 
light many like ones made by others—and oftentimes hidden in obscure and 
long-forgotten publications. I have unfortunately never had the satisfaction of 
finding water pipes plugged by exploring fishes, but I have long known that 
they do these things and have made notes of such occurrences. One would 
expect such happenitigs to be confined to long, slender, sinuous fishes, but such 
is not always true as will be shown later. And now that attention has been 


sharply focussed on such doings by eels in New York City water pipes in the 


past few months, I am led to bring the collected data into orderly presentation 
for publication. I believe that the record will interest students of fish behavior 
and also the general pubiic. 


The most numerous, definite, and recent accounts of the invasion of water 
pipes by eels (or any other fishes) come from a subdivision of New York City. 
For reasons at once obvious, these accounts will be presented in reverse chrono- 


logical order. 
WATER PIPES IN THE Bronx, New York City 


A Recent Case—In The New York Times of Nov. 11, 1948, there ap- 
peared this headline “Eel in a Pipe Cuts Off Water Supply for 65 Families 
in Bronx Apartment House.” It is then stated, that at about 7 a.m. on the 
previous day, the superintendent of the apartment house at 306 Mosholu Park- 
way South was startled by such a clangor “as if each of the sixty-five families 
was beating a metallic concerto on the house’s water pipes.” The superin- 
tendent made a quick investigation and found that each apartment was without 
water. He at once called the City Department of Water Supply and a squad 
of men was soon on the spot. They opened the hydrant in front of the build- 
ing but got only a trickle of water. Evidently the obstruction was in the line 
between the hydrant and the large street main. So the street was ripped up 
and the supply pipe uncovered. This was “loosened” [?] to give a strong 
flow of water and when the hydrant was turned on full force “out shot a sil- 
very flash” —a large eel, the basic cause of the trouble—and the water came on 
and every faucet in the building gave a normal flow. 


Second Case in the Bronx.—Five days later (Nov. 16, 1948) the Times 
399 
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announced that “Another Eel Clogs Water Pipe in the Bronx”—the second 
time within a week. The apartment house at 20 Boscobel Place is in two 
sections, each with its water line to the street main. The western section had 
water; the eastern, none. A plumber, familiar with the pipe lines in the build- 
ing, was called. He came quickly, cut through the service pipe supplying the 
eastern section and brought out a piece of eel. When the remainder of the 
fish was removed, the eel was found to measure about 39 in. A new piece 
of pipe was then put in and everything became normal. 


Third Case.—Years earlier than the accounts above, the Times for Nov. 
29, 1940 had an account of an eel in a water pipe—again in the Bronx. This 
time the trouble was in the intake pipe to the boiler room of the National 
Gypsum Co. at Barry Street and Oak Point Avenue. I got in touch with Mr. 
H. D. Skinner, the chief engineer, and he courteously wrote me that from 
10 a.m. on the 29th the pressure of 47 Ibs. on the service line to the boiler fell 
steadily until by noon it was zero. Search for the cause was sought for hours 
and finally the trouble was located at the meter on the service line and when 
the valves were closed and the meter disconnected and removed, an eel 36 in. 
long and 3.5 in. in diameter was found to be the obstructionist. When it was 
removed and the pipes and meter were reconnected, the pressure rose to the 
normal 47 lbs. 


Confirming his account of the obstruction set out above, Mr. Skinner kindly 
sent me a photograph of the obstructing eel, the first and apparently the only 
photograph of such ever made. This is reproduced as Figure 1. 


Fig. 1.—Measuring the eel taken from a service pipe to the engine room of the 
National Gypsum Co., Bronx, New York City, in 1940. Courtesy of H. D. Skinner, 
Chief Engineer. 
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Fourth Case——Ora Nov. 10, 1941, Mr. Skinner called me on the telepnone 
to say that they had had another obstruction in one of their service pipes. Later 
he wrote me that this second eel was easily removed in the same manner as the 
first. It was, however, larger than the first—measuring 29 in. in length, and 
11 in. in circumference. Since this date, the National Gypsum Co. has, so 
far as I know, had no further trouble with eels in its intake pipes. 


Fifth Occurrence—Another news clipping, dated Nov. 9, 1939, states that 
a 12-in. eel had got stuck in a pipe with a 2-in. diameter in the plant of Sun- 
shine Farms, Inc., in the Bronx Terminal Market. The intruder cut off the 
supply of water to the pasteurizing apparatus, resulting in a loss of 8,160 quarts 
of milk. The company sued the City, but the court ruled that since the explor- 
ing fish was in the company’s own service pipe and not in the City’s large street 
main (from which it came) the company itself was responsible. 


Another clipping from the Times (dated Feby. 5, 1941) states that as a 
result of the many fish obstructions in water supply pipes, “Assistant Director 
Lester B. Stone, who has been bedeviled by many strange requests in the mak- 
ing of the next City budget, was asked yesterday to approve an appropriation 
for wire screens to keep eels out of the City’s water supply pipes.” However, 
the cost of so doing would be enormous and nothing came of the request. 

And now still following our reverse chronological way, we turn to the scat- 
tered and fragmentary literature of our subject. This takes us away from New 
York to our northern Atlantic neighbor—Nova Scotia. 


EELs IN WATER PIPES IN Nova SCOTIA 


As will be seen, cels in the water works of three towns in this region, have 
been well-nigh as great a nuisance as those in the Bronx. 


At Dartmouth—In 1906, W. L. Bishop, Superintendent of the Dartmouth 
Water Works, Halifax County, read a paper, Eels in Water Pipes, and their 
Migration, before the Nova Scotian Institute of Natural Science. From his 
published paper (1906), the following statement is quoted: 


Since the water system was installed in Dartmouth in 1892, until 1904 eels caused 
considerable trouble by getting into the main pipe of the intake, and thence finding their 
way through the mains to the service pipes in the town, and plugging them. . . . The 
time of year when eels gave us the most trouble was during the months of September and 
October. At thi: season men were constantly employed in digging up the service pipes to 
take out these obstructions. It almost invariably happened that the services which were 
troubled most by them were the ones having leaky fixtures. The eels imprisoned in the 
pipes would be constantly feeling for any current whereby they might escape, and would 
thus get into the services. 

This digging up of service pipes was very damaging to the streets as well 
as very expensive. To clear the eels a strong pump was attached to the service 
pipes leading into the houses, and by this the eels were driven back into the 
street mains. Next a hydrant was opened and out of this the dead eels would 
come. These cels came into the main at the intake bringing water from a lake 
some miles away. The time of greatest trouble being September and October, 
it was concluded that the eels were leaving the lake to descend to the sea. 
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Hence, by double screening the intake chamber and establishing a trap at it, 
the catch of eels was great, and the trouble in the pipes eliminated. 


At Halifax.—In the discussion that followed the reading of Mr. Bishop's 
paper, Mr. F. W. Doane, Superintendent of the Halifax Water Works, stated 
that at the time of migration, “On one occasion eels filled a main on Granville 
Street, Halifax, so completely that when the pipe was cut it became necessary 
to make an auger to bore the pipe out.” No size was given for the main but 
probably it was a comparatively small one. 


At Sydney Mines, Cape Breton —Mr. R. H. Brown also added his testi- 
mony to that of Mr. Bishop and Mr. Doane as to the eel nuisance. He stated 
that a valley near the mines had had a dam built across one end, converting the 
valley into a lake whose water supply came from [springs in} the surrounding 
fields. The only exit for this water was by two 4-inch pipes carrying water to 
the colliery engines 2700 yards away. After some few years the pipes were 
found to be so obstructed by eels as to decrease the flow of water. “The eels 
taken out were of unusually good ordinary size; but on one occasion when we 
found the water completely stopped at a certain point, we had to break a pipe 
there, and found in it a living eel about four inches in diameter (the full size 
of the pipe) : and between three feet six inches and four feet long.” Then Mr. 
Brown added, “The cels had no possible waterway by which to get into the 


reservoir.” 
EELs IN WATER Pipes IN New Beprorp, MASSACHUSETTS 


For the earliest account of all found in this search of the literature for eels 
in water pipes, we must return to the United States and to the year 1883. 
In a letter published in this year by Mr. Willard Nye, Jr., he states that he 
had found numerous eels in the water pipes of New Bedford. Obstructions in 
the pipes were first noticed in the fall when the nights began to be chilly, and 
in the pipes in the lowest part of the city near salt water, “where they took over 
30 eels from one pipe.” It was suggested that they were descendants of eels 
that ran up the Amherst River (the source of New Bedford’s municipal water 
supply) and had got caught there when the waterworks dam was built ten years 
pteviously, and that now they were on their way from the waterworks dam and 
pond to salt water. 

Leaving eastern North America far behind, eels in water pipes take us 
almost to our antipodes, and indeed to two regions far removed from each 
other as well as from the western North Atlantic Ocean. 


in WATER PIPEs IN CHINA 


The occurrence of eels in water pipes is not confined to Eastern North 
America. In 1934, W. Rushton stated that in 1926 a “water engineer” in 
China (place not noted) had had “‘difficulties due to eels blocking up the 
meters and small water mains leading from the storage reservoirs to consumers.” 
Rushton states further that notwithstanding efforts to keep them out, the eels 
are today still very troublesome. He notes that the water comes from a tribu- 
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tary of a river which is only a few miles from the sea and it must be that large 
numbers of elvers find their way into the tributary, and, having there grown 
considerably, they migrate thence into the reservoir, and eventually into the 
mains, which they plug up as noted. 


EELs In WATER PIPES IN WANGANUI, NEw ZEALAND 


In Nov. 1891, H. C. Field published an interesting article on “Migration 
of Eels” and in this he somewhat incidentally speaks of eels in water pipes at 
the town of Wanganui. The lakes nearby were not connected with the sea an4 
had no eels therein, and in about 1873 water from one of these lakes was piped 
to the town. But later, when the water supply became insufficient, the pipe 
line was continued about 2 miles farther on to a large lake which was connected 
with the sea and which contained eels. These eels proceeded to try to migrate 
down to the sca through the main—with the usual results. They “stuck fast 
in the pipes in the town and caused a stoppage of water.” Mr. Field states 
that this happened twice to his knowledge. 


These accounts from China and New Zealand add little to our knowledge 
of the phenomenon, but they do show how widespread is the habit of eels 
entering water pipes. 

Fro the eel we now return to another fish—also in Bronx water pipes—of 
which there were many occurrences in 1934, and some in earlier years. 


THE ALEWIFE, OR FALSE HERRING, IN BRONX WATER PIPES 


Friends in New York (Manhattan) have told me of having had small 
white fishes come out of their spigots, and various persons have said that they 
had heard of such experiences by others. But none could give names to the 
fishlets nor assign dates. However, the light was turned on in 1935 whe . Mr. 
Herman Forster, Deputy Commissioner, Department of Water Supply, New 
York City, published an article, “Fish in the Faucets” in which, among other 
things, he said: 


Last fall [1934] from September to December, I received a number of complaints 
daily that fish were popping through Bronx faucets, to the consternation and embarrass- 
ment of housewives, who received more than they expected. Upon analysis, it was found 
that all the fish so unceremoniously foisted upon our citizens, belong to one species, and 
were identified as Pomolobus pseudoharengus [the alewife, or false herring}. ... {This 
fish has} multiplied [in Kensico Reservoir} to such a degree that it has become a definite 
Water Department problem. In vain we assured housewives that the sawbelly [local name 
for the alewife} does not affect the purity of the supply, . . . [bur] their multiplication 
from year to year has multiplied the number of complaints received. 


Mr. Forster does not analyze these complaints. However, he fortunately 
took his problem to the old New York Aquarium and interested the then 
Assistant Director, Dr. C. M. Breder, Jr. Dr. Breder and Dr. R. F. Nigrelli 
(also of the Aquarium) became greatly interested, and made a study of the 
winter moveinents of the fish. Having access to the files of complaints about 
fishes in the spigots, they analyzed these from 1926 to 1935—11 years. Here 
follow their findings. 
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Their study of the distribution of complaints shows: None for January, 
February and March. One for April and two for May. None for June and 
July, and only one for August. Then came a spurt. In September there were 
54 complaints; in October, 118; November, 13; December 8. In September, 
1926, there were 13 complaints, in 1934, 40. The heavy year was 1934 with 
40 complaints in September, 61 in October, 8 in November and 6 in December 
—a total of 115. The next heaviest year was 1935 with 49 in October and not 
a complaint listed from any other month. 


These data record the great number of complaints of alewives reported in 
household faucets—185 in Septetaber, October and November from 1925 to 
1935. But, one wonders, how many occurreices were not reported. And it 
must be noted that these were occurrences, not numbers of individual fish which 
came ou: along with the drinking water. 


The alewife, a member of the herring family, is found along our Atlantic 
coast, and in the spring the adults migrate in vast numbers into fresh-water to 
spawn. The water supply of the Bronx comes in part from Kensico Reservoir, 
and the question of how did these salt-water fish get above the dam and into 
the reservoir, will be considered later. 


Investigation revealed that the intake at Kensico to bring water to the Bronx 
was screened through two wire screens, each with a mesh of five eighths of an 
inch square. This cut off the egress of the larger false herrings and other large 
fishes, as Figure 2 shows, but allowed passage to the slim-bodied immature ale- 
wives. And, with the enormous intake of water, no smaller mesh could be 


Fig. 2.—A large mass of alewives sticking to, and others that dropped off from, an 
outlet screen at Kensico Reservoir, New York. After Breder & Nigrelli, 1936. 
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used. What the conditions are today is not known to the present writer, but 
nothing has come to light in the newspapers. 


The two “fishes in water pipes,” thus far studied, are slender in their young 
stages, and the eel is elongate even in its adult form. But the fishes now to be 


added to our list are, even in babyhood, anything but slender. 


That these fishes, large forward and especially in their heads, should get 
into water pipes is far more remarkable than is the case for the cylindrical eels. 
But there are two reports now to be considered. 


CATFISHES IN WATERPIPES AT WICHITA FALLS, TEXAS 


My first intimation that catfish invade water pipes was found in a UP 
dispatch without date from Wichita Falls, Texas. This was clipped and pasted 
on a sheet of paper without noting the date of publication. It was probably 
done twenty-five years ago. No official being named, unfortunately no attempt 
was made at the tiine to get any details. The news dispatch reads as follows: 


“City water plant officials noticed a drop in the ‘take’ from Lake Wichita, 
where the city gets its water supply. Investigation disclosed a 56-pound catfish, 
49 inches long, wedged into the intake gates blocking the flow.” When this 
was removed the water supply became normal. 


CATFISHES IN WATER PipEs AT BUCKLIN, Missouri 


The next catfish in a water pipe was reported in an AP news item from 
this town early in June, 1947. It reads as follows: “The Bucklin water supply 
has been dangerously low for the last four days, because no water came from 
the city reservoir. A temporary line was constiucted for the emergency. Then 
Niel Cannon, water superintendent, discovered that the cause of the trouble 
was a 30-pound catfish wedged in the inlet pipe.” And so the water-shortage 


mystery was cleared up. 


Wishing to know how the water line was freed of the obstruction, and 
having the name of the water superintendent, a letter to Mr. Cannon brought 
the explanation. 


He wrote that investigation of the pump conclusively showed that the 
obstruction was in the water line from the intake tower to the pump. Efforts 
to clear the intake line were then made by forcing water back up the line. This 
water line to the pump had a normal pressure of 8 or 9 Ibs., but a reverse 
pressure of 50 Ibs. failed to move the obstruction. The intake tower at the 
lake was then pumped dry and the intake valves closed (an emergency line 
had already been laid to care for the town). “Then in the intake pipe, a 
reducer bend in the pipe {reducing the bore or caliber from 6 to 4 inches} was 
taken out and in it was found—a large part of a catfish head. Then by run- 
ning a rod up the pipe about five feet to the next elbow, we could feel the body 
of the fish which had failed to get around the bend. It was wedged very 
tightly, but by means of a steel rod and with some {backward} water pressure, 
we were successful in sliding the fish up the pipe and out.” This clearing of 
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the suction line and the recoupling of the pipe ended the three-day water 
shortage. 


This concludes the narrative part of this article. In it are quoted all the 
accounts of fishes in pipes that have come to light in a careful search. An 
attempt will now be made to account for the presence of these fishes in water 


pipes. 
Wuy AND How FisHes ENTER City WATER P1PEs? 


These accounts of fishes, and particularly of eels, obstructing city mains 
and house service pipes are here brought together in orderly fashion. They 
surely constitute a most unusual phenomenon for the student of fish behavior 
as well as for the general reader. All along the reader has been asking “Why” 
and “How”? The answers are not always easy, but an explanation will be 
attempted for each kind of fish noted—in reverse order. 


THE ANSWER FOR CATFISHES 


Catfishes are heaviiy built forward with especially wide heads. This build 
forbids their entering any pipe other than fair-sized or large ones, i.e. the rela- 
tively large intake pipes from city water supply sources. Those catfishes which 
entered intake pipes in Texas and Missouri are forms indigenous to the Great 
Plains section of the Mississippi Valley. 


Catfishes are secretive and somwehat given to avoiding the light. They 
seek for holes into which they penetrate. In the two instances in which cat- 
fishes were found in the outlet pipes from a lake and a pond in the Middle 
West, they may have been swimming across or near the unscreened outlet open- 
ing into the main and have been caught and carried down with the flow of 
water until they were arrested—in one case by a decrease in the diameter or 
bore of the pipe. Again, they may have entered the aperture of the pipe as a 
hole in which to hide. But to me the presence of a catfish in each of two 
intake pipes seems fortuitous—they probably just happened to enter the mains. 


THE ExPLANATION FOR ALEWIVES 


The alewife or false herring is a marine fish which ascends fresh-water 
streams to spawn. The eggs hatch quickly and the young grow rapidly and in 
the fall, when they are 2 or 3 inches long, they seek to go back to salt water. 
However, neither adults nor young can migrate over land, as we know that 
eels do. In his article (1935), Mr. Forster states that Kensico Reservoir has 
long been a fisherman’s patadise, and in endeavoring to account for the present 
great abundance of alewives therein, he wrote as follows: “It seems that some 
enthusiastic disciple of Izaak Walton, many years ago, would give the predators 
{the game fishes} of . . . Kensico a forage fish upon which they could fatten, 
and introduced this species.” 


To me it seems probable that some alewives, along with the basses, geeches 
and pickeref, were already in Bronx River and Byram Brook when Kensico 


, 
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Dain was finished about 1916, and that they are there today. Then, too, they 
may have later come in through the Catskill aqueduct which empties into the 
northern end of Kensico. In any case, Breder and Nigrelli (1936) found the 
Kensico alewife to be a typical landlocked form of the marine Pomolobus 
pseudoharengus. Furthermore, they had so multiplied as to become a New 
York Water Department problem and it was felt that some measute of control 
must be attempted. 

In studying the matter of control by predator fishes in Kensico, it was 
found that these are the basses (large and small mouth), pickerel, white and 
yellow perches—all shallow water feeders. So, on the advice of the Aquarium 
scientists, the State Biological Survey and other authorities, Kensico was heavily 
stocked in 1935 with rainbow and lake trout—feeders at depths below the 
basses, etc. This seems to have been a successful procedure, since there was 
and is a sharp decrease in the alewife population of Kensico. 

That this control was needed may be seen by studying Fig. 2, an outer 
screen at Kensico photographed in 1934. Here are many adult alewives and 
large young arrested on their way to the sea. But with the young alewives, 
however, the situation is quite different. The screens have a five-eighths-inch 
square mesh. This, as noted, catches the adults and larger young, but allows 
the small and slender young to pass freely. These in September, October and 
November of various years come down to the Bronx through the aqueduct, into 
the large mains, the street mains, and the house service pipes, to emerge from 
the faucets with the drinking water—to the consternation of housewives. 


THE Wuy AND How For EELs 


As the accounts quoted above show, eels with their slender snake-like bodies, 
are so predominantly the blockaders in water pipes that the accounts of other 
fishes in pipes seem largely incidental. Why the adults get into ordinary small 
city water systems is not difficult of explanation—as has been noted by various 
observers in their quoted narratives. Nor is the How difficult to understand 
save in the case of the very complicated water systems of New York City. 

Eels spawn in the sea and their eggs hatch there. The young (calied 
elvers) ascend fresh-water streams in vast numbers in the spring and live in 
the rivers and lakes until they become mature. Then when cool weather comes 
in autumn, these adult eels seek to go with the flow of water down to the sea 
to do their part in maintaining the life cycle. If their downstream migration 
leads them into city water mains and service pipes, there is trouble for both 
eels and householders. 


I. Adult Eels Enter Through Unscreened Reservoir Intakes.—It was noted 
earlier that intakes of medium-sized pipes at the lakes and ponds supplying 
water for Nova Scotian, New Bedford and New Zealand water services were 
unscreened. Ecels could and undoubtedly did migrate from streams below the 
dams or from adjacent waters into these lakes and ponds. Once in these, there 
was nothing to prevent the adult eels from going into the mains and thence 


into the seevice giges at the towns. Some of the accounts say that wher. the 
intakes were screened, the eel nuisance was abated. 
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II. Adult Eels in Bronx Service Pipes—The explanation of the How for 
these eels 1s the most important part of this article and an attempt must be 
made to find the answer. 


The water system of New York City, though huge, is more or less inter- 
communicating. But all intakes from reservoirs into aqueducts, conduits and 
large mains are doubly screened. And, in turn, all exits from all of these into 
reservoirs have double screens. From this it would seem that no adult eels 
could possibly pass and eventually get into service pipes in the Bronx. 


A reservoir is created by building a dam where the hills enclosing a valley 
come close to each other in a “shut-in”, or narrows or gorge. This restricts the 
length of the dam and cuts down its cost. Where the ends of the dam are 
built into the hiils, the earthen slopes are called “shoulders.” These shoulders 
play a decided role in enabling the eels to get into and out of the reservoir. 

The Bronx water supply comes in part from the New Croton Reservoir. 
This was created in the way described in the preceding paragraph by building a 
dam across the Croton River a short distance above where it empties into the 
Hudson. Adult eels coming up the Hudson and turning up the Croton would 
be stopped until a wet night came. Then they could wriggle their way up the 
shoulders of the dam and through the wet grass and weeds until they got into 
the Reservoir. The wet grass and weeds would keep their skins moist. They 
would meet with no obstacle until they came to the 25-foot macadam roadway 


running across the dam and its shoulders. But on a wet night this would be 
easily overpassed. This trip is for adults. 


With the coming of cool weather in the fall, the eels seek to return to the 
sea. And there is no doubt that most of them can and probably will reverse 
their migration on wet nights and will descerd the shoulders of Croton Dam 
into the Croton and down it to the Hudson and so to the sea. By this reverse 
migration, we may be sure that the eel population of Croton Reservoir will be 
materially reduced for the winter season. But a certain minority of the eels 
will essay to try the New York City water system. And these are the ones in 
which our interests are centered. 


But here the question is: Tow could the eels get out of Croton Reservoir 
into the doubly-screened aqueduct leading into the Jerome Park Reservoir which 
largely supplies the Bronx. The explanation is that the screens at the entrance 
to the aqueduct are in two banks and these are about two feet apart. The 
upper and outer screen catches many leaves, twigs, dead fish (Figure 2), etc. 
When it is pulled up for cleaning, the eels feeling the current will be nosing 
about the lower or inner screen. Then when the upper or outer bank is put 
back in place, the eels will be held between the screens. Next, the lower or 
inner screen will be raised for cleaning and thus the eels will gain entrance into 
the aqueduct leading to Jerome Park Reservoir. The same process of cleaning 
screens will permit the adult eels to enter the Reservoir. Later, by the like 
processes, the eels will get out of the Reservoir into the mains and so into 
service pipes of Bronx buildings or into the intake pipes of the American Gyp- 
sum Company. 


. 
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But all this takes time, and, if a considerable amount of time, it might be 
that the eels would suffer for lack of food, and possibly die. This may be, but 
since small fishes and crustaceans may pass from one screened point to the 
next along with the eels, might not the eels find in Jerome Park and other stor- 
age and equalizing reservoirs and in the huge city mains such small fishes and 
crustaceans, feed on these, and some of the eels, at least, survive? Such crus- 
taceans have been found in Bronx mains. 


These accounts, widely distributed in time and space, have for the first 
time been brought together herein and an effort made to explain this curious 
behavior. Such a historical résumé seems worth while. But I am satisfied 
that “fishes in pipes” occur much oftener than the published accounts indicate. 
I strongly hope that this study may lead others, who have had personal observa- 
tions of like occurrences, to publish their findings. 


REFERENCES 


BisHop, Watson L. 1906—Eels in Water Pipes, and their Migration. Proc. & Trans. 
Nova Scotian Instit. Sci. vol. 11: 640-650. 


Breper, C. M., Jr. AND R. F. Nicrettr 1936—The Winter Movements of the Land- 
locked Alewife, Pomolobus pseudoharengus (Wilson). Zoologica, 21: 165-175, 
6 figs. 


Fietp, H. C. 1891—Migration of Eels. New Zealand Journ. Sci., vol. 1 (new issue), 
256-257. Forest & Stream, 1892, vol. 38: 199. 


Forster, HERMAN 1935—Fish in the Faucets: Some Unvsual Aspects of Water Supply 
Control. Bull. N. Y. Zool. Soc., vol. 64: 139-141, 2 figs. 


Nye, WILtarp, Jr. 1883—Eels (Anguilla rostrata) in New Bedford Water Pipes. Bull. 
U. S. Fish Comm. (for 1882), vol. 2: 272. 


RusHton, W. 1934—Eels in Water Mains [in China}. Salmon & Trout Mag., London, 
no. 77: 352-353. 


(2) 
y for 
be 
nter- 
and 
into 
eels 
alley 
the 
are . 
ders 
jolt. 
. 
the 
hey 
| be 
the 
rse 
be | 
in 
oir 
ich 
nce 
“he 
ing 
or 
ito 
ng 
ike 
1to 
/p- 


Synoptic Notes on Some Nearctic 
Limnephilid Caddisflies 
(Trichoptera, Limnephilidae) 


Herbert H. Ross 


Illinois Natural History Survey, Urbana 


In a general survey of the caddisflies belonging to the family Limnephilidae, 
two general conditions are apparent. The first is that many genera in various 
sections of the family are either poorly delineated or are diagnosed in existing 
keys on characters which are proving unreliable. In spite of this, few workers 
go far astray in placing species in various genera, nor is there a tremendous 
amount of radical disagreement as to the species composition of many genera 
which come in the above category. In most of these genera, both sexes have 
distinctive types of genitalia and it seems obvious that most workers have been 
placing species in these genera on the basis of the type of genitalia rather than 
by strict adherence to the spur count and venational characteristics on which 
the genera are theoretically based. A study of the genitalia throughout the 
Limnephilidae has convinced me that in many parts of the family the general 
type of genitalia is of more phylogenetic and diagnostic importance than 
characters of the wings and legs. Characters of the genitalia are illustrated in 
this paper for several obscure genera. 

The second item of interest in the family involves the extremely interest- 
ing distribution patterns which are becoming evident, especially in the groups 
of species occurring to the north and in the various ranges of the western 
mountains. Our present knowledge in this regard presents a tantalizing pic- 
ture—we have enough distributional data to feel sure that a knowledge of the 
complete range of these species would provide excellent material for zoogeo- 
graphic conclusions, but the data at hand is only sufficient for preliminary 
speculation. It is hoped that the records in this paper will help to summarize a 
few of the data that are available, and to stimulate interest in their increase. 

Unless otherwise mentioned, types described in this paper are deposited 
in the collection of the Illinois Natural History Survey. The disposition of 
other type material is indicated by the following abbreviations: 


DGD—Collection of D. G. Denning, University of Wyoming. 
MCZ—Museum of Comparative Zoology, Harvard University. 
OSU—Ohio Strate University. 


IMANIA Martynov 
Allomyia Banks, 1916, Can. Ent. 48: 120. Genotype by original designation: A pa- 
tania tripunctata Banks. Preoccupied by Alomyia Berthold 1827. 


Imania Martynov, 1935, Inst. Zool. Acad. Sci. U. R. S. S. Trav. 2: 298. Genotype, 
monobasic: [mania sichotalinensis Martynov. 


This genus is one of the rarest in North America and only a few scattered 
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collections of it have been made. A few of these collections are from Alaska; 
the remainder are from various points in the mountains of both the Cascade- 
Sierra Nevada range and the Rocky Mountain range. Each of these moun- 
tain collections is associated with the summit of a high pass or a peak, and 
suggests that south of the arctic and subarctic regions, populations of this 
genus are restricted to alpine conditions at fairly high elevations. 

If this supposition is correct, then the southern portion of the range of 
each species extending to the south of Canada is represented by well-separated 
“island” populations on the scattered mountains that still have ecological 
habitats suitable for them. For tripunctata we have evidence of two such 
islands, one in southwestern British Columbia, another in southern Wyoming, 
in addition to Alaska records which may represent an extensive rather than 
an island portion of the range; for cascadis, two, one in southern and one in 
northern Washington; and for gnathos, two, both in Colorado. Within each 
species the populations of these known islands vary little. This is not sur- 
prising, since they probably were left in their present location by northward 
retreat of the glacial front, in which case their isolation would be of com- 
paratively recent date. We may have here, however, a striking example of the 
sort of relict populations which have been considered important by many 
evolutionists in setting the stage for certain types of speciation. For if these 
population islands can exist long enough, they will be isolated until the next 
glacial advance again increases tremendously the area of alpine conditions, 
and by this time each surviving isolate may have developed into a distinct 
species. 

Several outstanding characters of both male and female genitalia seem to 
prove beyond a doubt that the species here included in this genus form a 
natural distinctive unit when compared with closely related forms such as 
Radema, Oligophlebodes, and Neophylax. In the male Imania, distinctive 
features include 2-segmented claspers, with an additional ramus at the base of 
the apical segment; a series or patch of short, stout, peglike, black spines on 
the inner or ventral margin of the apical segment; a spur or style associated 
with the mesal margin of the clasper; and the simple tenth tergite, which is 
at most partially divided down the middle into a pair of lateral lobes. In 
the female Imania salient points are the separate, ovate, and heavy sclerotized 
lobes of the tenth tergite, and the tri-lobed subgenital plate, especially the 
spatulate, membranous mesal lobe, fig. 7A. Yet within this complex occur 
distinctive venational schemes that transgress by a wide margin limits that are 
frequently considered of generic value. 

From Radema Hagen, its closest relative, most species of Imania differ 
in that subcosta of the front wing curves into costa at its tip, or is joined 
to R, near this point by an indistinct crossvein; and in the hind wing Cu;, 
is atrophied as is also m-cu. In picoides subcosta ends in a straight crossvein 
running from costa to Rj, as in Radema, but Cu, is atrophied, whereas it is 
present in Radema. The resulting combination is typical of the Asiatic genus 
Baicalina Martynov, but the latter has no ventral ramus in the male clasper, 
and has the female tenth tergite forming a single lobe, in both respects exactly 
as in Radema and rot as in Imania. In acanthis the cubital region of the hind 
wing is distinctive, as brought out in the description of the species. 
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The phylogenetic significance of these venational differences is doubtfful 
at present because divisions of the species of Imania made along these lines 
do not follow those made on the basis of genitalia. It seems the better course 
at this time, therefore, to rely more on the latter set of characters in segregat- 
ing the species of the genus into groups. 


Four such groups are recognized; the genotypes of both Allomyia and 


Imania belong to the same one, the tripunctata group. 


Key To Nearctic Groups AND SPECIES 


. Clasper having two finger-like processes at base of apical segment, fig. 4 (Picoides 
group) picoides 
Claspers having only one process at base of apical segment, figs. 1-3, 5, 6 
. A long, slender, spinelike or bladelike process arising on meson from base of each 
clasper, figs. 1, 2, 6 (Tripunctata group) 
A shorter or stouter process arising on meson from apex of basal segment of each 
. Ventral aspect of apical segment of clasper having an apical row of heavy, short, 
stout setae, or pegs, figs. 6 cascadis n. 
Ventral aspect of apical segment of clasper having such pegs over half its surface, 
. Clasper having ventral lobe of apical segment broader than long, as broad as basal 
segment, with very large apical pegs, fig. 2 gnathos n. sp. 
Clasper having ventral lobe of apical segment longer than broad, much narrower 
than basal segment, and with only small apical pegs, fig. 1 tripunctata Banks 
6. Clasper having apical spur of basal segment shorter than ventral ramus; apical seg- 
ment horizontal and ovate and its apical half covered with pegs, fig. 5 (Bifosa 
bifosa n. sp. 


Clasper having apical spur of basal segment twice as long as ventral lobe; apical 
segment vertical and deeply incised laterad to form a pincer-like structure, bearing 
pegs only on the edge of the lobes, fig. 3 (Acanthts group) ..................acanthis n. sp. 


. Spermatheca situated at end of an internal stalk, figs. 7, 8 

Spermatheca situated near base of subgenital plate, figs. 9, 10 

. Lateral lobes of subgenital plate with a bulging, setose base and a well-delineated 
oblique apical portion, fi gnathos 

Lateral lobes of subgenital plate without differentiation into parts, the apex enlarged 
and projecting laterad, fig. 8 tripunctata 

9. Subgenital plate, fig. 9, with lateral lobes smooth and with only a few short setae; 

spermatheca almost diamond-shaped, with sharp lateral extensions picoides 


Subgenital plate, fig. 10, with lateral lobes imbricate and with long setae; sperma- 
theca orbicular 


TRIPUNCTATA Group 


Three Nearctic species are known in this group, tripunctata, gnathos, and 
cascadis, characterized by the ventral styles of the male genitalia and the 
stalk of the female spermatheca. In both sexes the venation is similar and 
simple; the front wing has subcosta curving directly into costa, and R, sinuate 
at base of stigmal region; the hind wing has fork Ry. situated some distance 
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distad of fork R4.5, the discoidal crossvein present, and crossvein m-cu either 
present or ab: 


IMANIA TRIPUNCTATA (Banks) 


Apatania tripunctata Banks, 1900, Wash. Acad. Sc. Proc. 2: 472. @. 
Allomyia stylata Denning, 1948, Brook. Ent. Soc. Bull. 43: 119. 2. New synonymy. 


Distinctive features of the male genitalia are illustrated in fig. 1, as fol- 
lows: base of clasper having a long, slender, mesal style; both rami of apical 
segment ovoid, the dorsal ramus elongate and with the apical half of its ven- 
tral surface covered with black pegs, the ventral ramus short, its distal edge 
with black pegs. Lobes of tenth tergite elongate and slightly twisted, simple. 
Aedeagus elongate, fig. 1E, the extensile portion with a pair of stout appressed 
blades dorsad. Female genitalia characterized by the subgenital plate and 
spermatheca, fig. 8; the subgenital plate has a membranous mesal lobe and a 
pair of sclerotized lateral lobes, each of the latter expanded at apex; the 
spermatheca has a long stalk consisting of a sclerotized ventral part and a 
series of dorsal membranous folds. 

There is some variation in the apicodorsal lobe of the ninth tergite. Speci- 
mens from Katmai, Alaska, and Wellington, B. C., have this portion slightly 
shorter and broader, fig. 1A, and a paratype from Yakutat Bay has it longer 
and narrower, fig. 1B. Dr. A. B. Gurney of the United States National 
Museum has kindly checked the type of tripunctata for me and reports that 


the type, also from Alaska, is more like fig. 1A. The type of stylata, kindly 
loaned to me by Dr. Denning, has this structure more as in fig. 1B, but has 
a stout macrochaeta arising from the base of the structure, fig. 1C. This is a 
very curious phenomena, but the genitalia of the type of stylata are so similar 
to those of other specimens of tripunctata that there seems little doubt that 
this macrochaeta represents an aberration rather than a specific character. 


The species was described originally from Yakutat, Alaska, and later de- 
scribed (as stylata) from the mountains near Laramie, Wyo. I have studied 
additional material from Katmai, Alaska, July 7-28, 1917, and Wellington, 
aC. 


Imania gnathos new species 


Male.—Length 8 mm. Color black with the following exceptions: wings 
uniformily dark brown, legs with tibiae and tarsi dark yellowish brown. Gen- 
eral structure typical for genus. Wings as in tripunctata; front wing with R, 
markedly sinuate at base of stigmal area, and with Sc curving into C; hind 
wing with fork Ro. situated considerably beyond fork R4.5, discoidal cross- 
vein absent, and m-cu present or absent. Genitalia as in fig. 2. Ninth seg- 
ment natrow and annular. Tenth tergite elongate, its apex produced into a 
pair of elongate lobes sclerotized dorsad, membranous ventrad. Clasper with 
basal segment stout and long, its lateral aspect curved, and bearing at apex 
a cluster of long stout setae; dorsal ramus of apical segment with lateral as- 
pect ellipsoid, ventral aspect ovoid, the ventral surface covered with a scatter- 
ing of black peglike teeth; ventral ramus short and wide, its apical margin 
bearing a row of black teeth; from within the ventromesal corner of the basal 
segment there arises a long slender style, the pair parallel and only slightly 
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Figs. 1-3.—Male Genitalia of Imania. 1.1. tripunctata, 8 genitalia, lateral aspect; 
1A, apicodorsal lobe of ninth tergite, of specimen from Katmai, Alaska; 1B, same, para- 
type from Yakutat Bay, Alaska; 1C, same, holotype of stylata; 1D, & genitalia, ventral 
aspect; 1E, aedeagus, dorsal aspect. 2.1. gnathos, 8 genitalia, lateral aspect; 2A, aedea- 
gus, lateral aspect; 2B, ¢ genitalia, ventral aspect. 3.1. acanthis, 8 genitalia, ventral 


aspect; 3A, @ genitalia, lateral aspect, with aedeagus extruded. c, cercus; cl, claspers; s, 
ventromesal style of clasper. 
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curved. Aedeagus, fig. 2A, with an elongate central portion and a pair of 
dorsal arms which are upcurved and truncate at extreme apex. 


Female.—Similar in size, color, and general characteristics to male. Geni- 
talia as in fig. 7. Subgenital plate wide, lateral lobe with base curved and 
shoulder-like, clothed with fine setae, its apex flattened obliquely truncate, and 
slightly more heavily sclerotized; mesal lobe membranous and spatulate. Sper- 
matheca somewhat orbicular, with a narrow mesal aperture, and situated at 
the end of a long stalk above which are situated a series of membranous folds. 

Holotype, male.—Tolland, Colorado, G. S. Dodds. 

Allotype, female.—Same data. 

Paratypes—Monarch Pass, Colorado, July 1, 1934, elevation 10,500’, C. P. Alexan- 
26,275 

Imania cascadis new species 


Male.—Length 12 mm. Color dark brown, almost black, the apices of the 
legs slightly yellowish. General structure and venation typical for group. 
Genitalia as in fig. 6. Ninth segment narrow and annular. Tenth segment 
ending in a pair of parallel lobes which are flared laterad so that the ventral 
aspect is flat and parallel-sided. Basal segment of clasper stout, with a group 
of large apical setae and with ventromesal process long and slender; dorsal 
ramus of apical segment wide, its inner margin concave, with a band of black 
peglike setae along the apex; ventral ramus elongate and slender, thumblike, 
with a row of black pegs on its dorsal margin. Aedeagus, figs. 6A, 6B, with 
basal portion expanded and fairly long, narrowing to a slender apical portion 
consisting of a pair of downcurved blades between which is situated the sinu- 
ate central portion; the apex of this portion is deeply incised at apex to form a 
pair of lateral flaps. 

Female unknown. 

Holotype, male—Summit of Steven’s Pass (near Berne) Washington, June 24, 1940, 
J. A. and H. H. Ross. 

Paratype.—White River, Mt. Rainier, Washington, July 21, 1937, W. E. Ricker. 


Birosa Group 


This group is very similar in characteristics of venation to the tripunctata 
group, differing only in having the apex of subcosta slightly less curved at 
apex, and in having R, straight and not sinuate at base of stigmal region. 
To this group belongs bifosa n. sp., known only from the male; renoa (Milne), 
known only from the female, also agrees with these characteristics and is 
placed in the group pending association of the two sexes. The male genitalia 
of bifosa differ from those of the tripunctata group in lacking a basomesal 
filament on the basal segment of the clasper; instead this segment bears a mesal 
spur at its apex. 


Imania bifosa new species 


Male.—Length 9 mm. Color dark brown, almost black, the apices of the 
legs slightly lighter. Venation and general structure typical for genus and 
group. Genitalia as in fig. 5. Ninth segment annular, its ventral margin pro- 
duced on meson into a broad trianguloid projection. Tenth tergite produced 
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at apex into a pair of converging lobes, each of which bears a lateral lobe just 
before apex. Clasper with basal segment parallel-sided, the two connected ven- 
trally by a narrow sclerotized band; the basal segment has no basal filament 
or process but its mesal margin is produced at apex into a moderately long 
sharp spur; dorsal ramus of apical segment wide and broad, black pegs stud- 
ding a little more than the apical half of its ventromesal face; ventral ramus 
short, constricted just before apex, its apex upcurved and having a denticulate 


PICOIDES 


CASCADIS 
BIFOSA 6A 68 


Figs. 4-6.—Male Genitalia of Imania. 4.1. picoides, & genitalia, ventral aspect; 4A, 
2 genitalia, lateral aspect; 4B, aedeagus, lateral aspect, with central lobe teased complete- 
ly out of basal portion. 5.1. bifosa, & genitalia, ventral aspect; 5A, aedeagus, lateral 
aspect. 6.1. cascadis, 2 genitalia, ventral aspect; 6A, 6B, aedeagus, ventral and lateral 
aspects, respectively. 
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surface opposing the dorsal ramus. Aedeagus, fig. 5A, with a somewhat club- 
shaped central portion and two dorsal pairs of heavily sclerotized curved 
blades; in repose these five parts fit together closely and appear as a single 
structure. 

Female unknown. 

Holotype, male —Banff, Alberta, July 13, 1922, C. B. D. Garrett (MCZ). 

Paratype-—Same data as for holotype, 2 2; same data but July 14, 39 (MCZ and 
INHS). British Cotumsia: Glacier, July 20, 1901, R. C. Osburn, 1 ¢ (DGD). 

The paratype from Dr. Denning’s collection was recorded as tripunctata 
Banks (Denning 1948) but is not that species. 


IMANIA RENOA (Milne) 

Algonquina renoa Milne, 1935, Studies N. A. Trich. 2: 31. 

This species was desccribed from Reno, Nevada, from the female sex 
only, and to date has not been reported again. The subgenital plate and 
spermatheca of the female, fig. 10, shows several points of resemblance to 
picoides n. sp., but differ in the orbicular spermatheca and in details of the 
shag of the various lobes of the subgenital plate.. 


Group 


In regard to wing venation this group is identical with the tripunctata 


group except for the stigmal region: a short crossvein has developed from the 
sinuate point of R, to the angulation of Sc, so that Sc appears to end in a 
slightly oblique crossvein. This condition is typical of Radema. The hind 
wing is typical of the tripunctata group, having fork R».3 a considerable dis- 
tance beyond Ry.;; and no discoidal crossvein and no m-cu. The male geni- 
talia are unique in having a third (lateral) ramus on the apical segment of 
the clasper, and the female genitalia are similar in most respects to those of 
renoa. 
Imania picoides new species 


Male.—Length 7 mm. Color dark brown, almost black, as in other mem- 
bers of the genus. General structure typical for genus and group. Genitalia as 
in fig. 4. Ninth segment narrow, wide ventrad, its apicoventral margin forming 
a slightly emarginate wide projection. Tenth tergite short, divided into a pair 
of wide blunt lobes. Basal segment of clasper deep, its basomesal corner with 
a long, wide, flat process, tapering at apex, the processes of the two claspers 
fused at base and slightly divergent; apical segment with a broad, curved, 
dorsal ramus having a scattering of peglike teeth on its ventromesal margin, 
and, in addition, both a ventral and lateral ramus, both fingerlike, the ventral 
ramus with an apical row of four or five black pegs, the lateral ramus with a 
cluster of three or four black pegs. Aedeagus, fig. 4B, composed of a tubular 
base which ends in a pair of long needle-like spines or processes and a central 
process which has a very slender base and an enlarged apex. 

Female.—Similar in size, color, and general structure to male. Genitalia as 
in fig. 9. Subgenital plate with each lateral lobe bearing a sclerotized mesal 
fiange which projects behind the mesal lobe; mesal lobe spatulate. Spermatheca 
somewhat orbicular, with a long mesal aperture, the sclerotized periphery nar- 
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row; the posterior portion of the spermatheca is produced into a rather long 
and pointed region, and the greater portion of the spermatheca is covered by 
membranous folds which extend considerably laterad of it. 


Holotype, male——Katmai, Alaska, June 10, 1919, J. S. Hine (OSU). 
Allotype, female——Same data (OSU). 
Paratypes—Same data, 18 (INHS); same data but July 12, 1917, 19 (INHS). 


ACANTHIS Group 


The venation of this group is similar in most respects to that of the bifosa 
group, having in the front wing R, straight at base of stigmal area. It differs 
from both the bifosa group and tripunctata group in the following venational 
characters: in the front wing fork Ro.3 is a short distance basad of fork 4.5; 
and in the hind wing fork Ro.3 is almost directly above fork 4.5, all four 
branches of radial sector close together and forming a series of long narrow 
cells; and the hind wing also has an oblique m-cu connecting the middle of 
M3,4 to Cu,. To date this group contains only one species, described below. 


We 


PICOIDES 


Figs. 7-10.—Imania, Ventral Aspect of Female Genitalia. 7.1. gnathos; 7A, tip of 
subgenital plate more enlarged. 8.I.tripunctata. 9.1. picoides. 10.1. renoa. 
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Imania acanthis new species 
. Male.—Length 9 mm. Color dark brown, nearly black, as in other members 
of the genus. General structure and venation typical for genus and group. 
Male genitalia as in fig. 3. Ninth segment narrow, bowed around base of 
NHS) clasper, its apicoventral margin almost truncate; dorsally its apex forms a 
| sharp projection flanked on each side by a wide, flat cercus. Tenth segment 
produced into a pair of long, slender, parallel, fingerlike processes. Basal seg- 
. ment of clasper very large and broad, with a heavy brush of long setae at 
: bifosa apex, and with the apicomesal corner produced into a long process which is 
differs fingerlike from ventral view and appears as a broad, sinuate, bladelike keel 
ational from lateral view; dorsal ramus of apical segment moderately narrow, deeply 
rk 4.5; incised at apex, the apical margin bearing a row of black pegs; ventral ramus 
ll four short, its apex upcurved to form a narrow projection, without black pegs. The 
natrow | two claspers are connected at base by a ventromesal, sclerotized area. Aedeagus, 
dle of fig. 3A, composed of a membranous, tubular base which bears a tubular 
below. | apical portion and a pair of wide sclerotized blades, one on each side of it; 


each of these blades is markedly narrowed beyond base, widened again and 
then narrowed to an upturned apical point, and extends beyond the central 
body of the aedeagus. 


Female unknown. 


Holotype, male—Mt. Rainier, Washington, along White River, July 21, 1937, W. E. 
Ricker. 


Paratypes—All from Mt. Rainier, Washington; Paradise Park, Aug., 1917, A. L. 
Melander, 1 3; Sluiskin, July 26 & 28, 1922, A. L. Melander, 3 2 (MCZ and INHS); 
Longmire Spring, July 23, 1947, elevation 2,800’, C. P. Alexander (DGD). 


FaRuLA Milne 
Farula Milne, 1936, Studies N. A. Trich. 3: 116. Genotype, monobasic: Farula 


rainiert Milne. 


In general appearance this genus resembles Neothremma; in complexity of 
genitalia it is more similar to genera such as Lepania and Radema. From all 
of these the genitalia differ in having an additional process, e, associated with 
the clasper, and having three distinct pairs of processes arising from the tenth 
tergite in addition to the cerci. Two species are known, both western, and each 
known on the basis of only a single male specimen. 


Key To SPECIES 


Clasper with a long, lateral, sclerotized filament, longer than the clasper body; processes 
a slender and approximate on the meson; processes d slender and sinuate, touching 


Clasper simple, without lateral appendage; processes a separated by a membranous area 
of setae, and diverging, processes d nearly parallel and meeting on the meson for a 


FARULA RAINIERI Milne 


Farula rainieri Milne, 1936, Studies N. A..Trich. 3: 116. 2. 


a No additional material has been recorded to supplement the original type 
male. In addition to diagnostic characters mentioned in the original description, 
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the venation differs in several important respects from its relatives: in the front 
wing, M is only two-branched and the basal portion of 3A is atrophied; in 
the hind wing Cu is only two-branched, the branching occurring near the base 
of the wing and both branches paralleling each other to the apex. The male 
genitalia are extremely complex. Illustrations of these structures are given in 
figs. 12, 12A, from a cleared preparation of the holotype abdomen. In addi- 
tion to the claspers and cerci there are four other pairs of processes, a, 5, 
and d associated with the ninth and tenth tergites, e with the claspers. Pro- 
cesses a are the most dorsal and appear to be outgrowths of the ninth tergite; 
they are separated by a mesal hairy flap, and diverging from each other; each 
is broad and bears a brush of long stout setae on the under surface at the 
apex; processes 6 are situated laterad of and below a, each forming an elongate, 
sclerotized, irregular rod; d is probably the true tenth tergite and is divided 


MALKINI 


RAINIER! 


Figs. 11, 12.—Male Genitalia of Farula. 11.F. malkini, lateral aspect. 11A, clasper 
and associated structures, ventral aspect; 11B, dorsal aspect. 12.F. rainieri, ventral aspect; 
12A, dorsal aspect. Abbreviations explained in text. 
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into a pair of sclerotized processes shaped as in fig. 12A. The short membra- 
nous structure ¢ is tentatively identified as the cercus. The claspers, cl, are 
slightly separated at base, each elongate and tapering to a narrow apex. Above 
each clasper is an elongate setose process e whose homology is unknown. The 
aedeagus, ae, is broad and incised at apex. 


The holotype, now in the collection of the Illinois Natural History Sur- 
vey, bears the following collection data: Mt. Rainier, Washington, along 
White River, May 12, 1934, W. E. Ricker. 


Farula malkini new species 


Male.—Length 6 mm. Color dark brown, the antennal scape, palps, and 
most of hind femora, yellowish; hind tibiae and tarsi almost equally pale; 
wings milky, probably due to teneral condition of specimen. Head with ver- 
tex raised high above level of eyes, ocelli distinctly tuberculate, maxillary palps 
short, cylindrical, and curved up in front of face. Mesoscutellum very long, 
half length of mesonotum, and bearing a single elongate, elliptic wart. Legs 
with spur count 1-2-4, as in rainieri. Wing venation similar to rainieri. 


Genitalia as in fig. 11. Ninth segment with lateral aspect ovoid, and with 
a dorsal membranous fold separating the sclerotized lateral portions. Processes 
a slender, elongate, and approximate, bearing a scattering of moderately long 
setae at apex. Processes 6 wide apart at base, converging, each slender and 
slightly sinuate. Each lobe of tenth tergite, d, diverging, sinuate, and hooked 
sharply laterad at apex. Cercus, c, short, ovoid, and flat. Claspers, cl, connected 
at base by a narrow sclerotized strap, each clasper elongate, its basal two-thirds 
wide, narrowing to a slender apical point; from the lateral margin of the base 
of the clasper there arises a filamentous process, f, which extends beyond the 
clasper. Above the base of the clasper arises process ¢ which is long and 
slender, the apex curved sharply ventrad and forming a large one-sided club. 
Aedeagus, ae, with apex broad and emarginate, tapering somewhat to base 


Holotype, male.—Mary’s Peak, Benton Co., Oregon, May 4, 1947, elevation 2,100’, 
B. Malkin and M. J. Sargent. 


EcciisomyiA Banks 
Ecclisomyia Banks, 1907, Ent. Soc. Wash. Proc. 8: 123. Genotype by original desig- 


nation: Ecclisomyia conspersa Banks. 

At present, four species are known in this genus, all restricted to the 
western montane region. All are easily diagnosed in the male sex but characters 
have not yet been worked out for the identification of the females. The 
distribution of the four species has many features interesting from the stand- 
point of speculation regarding both their origin and ecological relationships. 
One species, conspersa, is widely distributed throughout the region; two species, 
simulata and scylla, appear to be restricted to the Cascade range; and the 
fourth, maculosa, is widespread in the southern and central Rockies. Of the 
four, maculosa and simulata form a closely related pair of species which prob- 
ably arose by differentiation of originally identical populations isolated in 
southern portions of the major east and west mountain ranges. It will be 
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MACULOSA 


I3A 
SCYLLA 


CONSPERSA 


Figs. 13-16.—Male Genitalia of Ecclisomyia. 13.E. scylla, lateral aspect; 13A, aedea- 
gus, ventral aspect. 14.E. maculosa, lateral aspect. 14A, tip of aedeagus, ventral aspect. 
14B, clasper, ventral aspect. 15.E. simulata, lateral aspect; 15A, aedeagus, lateral aspect 
and ventral aspect of tip; 15B, clasper, ventral aspect. 16.E. conspersa, lateral aspect, 
16A, clasper, ventral aspect; 16B, aedeagus, ventral aspect. 
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interesting to see what future collecting will show in regard to the full range 
of these two species. 

The few available rearings indicate that the larvae of this genus are 
restricted to rapid, cold streams and rivers. Adult records for each species are 
scattered over two or three months, so that emergence continues over a con- 
siderable period. The few records we have indicate that conspersa is the earliest 
species, with adult records from May into July; the other three occur later, 
each having records through July and August. 


Key To SpectEs—Males 


i. Tenth tergite with apex ee and held vertically; —— without mesal ~~, 


Tenth tergite with apex not ‘held black 


2.Clasper with a single, stout, mesal spur; tenth tergite short and parallel-sided; 
aedeagus ending in a pair of stout spines, fig. 16, which may be appressed at 


Clasper with two or more stout, mesal setae; tenth tergite elongate and alternately 
narrowed and swollen; aedeagus as in figs. 14, 15, ending in an ovate apex with 


3. Clasper short, almost as wide at base as long; apex of aedeagus with long, lateral 


Clasper long, twice as long as width of base; apex of aedeagus with only a small, 


EccLisoMYIA SCYLLA Milne 
Ecclisomyia scylla Milne, 1935, Studies N. A. Trich. 2: 37. 2. 


This species was described from Cultus Lake, Hope, and Summerland, 
B. C., all in the Cascade Region of the southern portion of the province. 
Additional records from Crater Lake Park, Ore., and Galena Camp, Mt. 
Baker, Wash., indicate a range extending through a considerable portion of 
the Cascades. 


The illustration of the genitalia, fig. 13, is drawn from a paratype and 
matches the type. The aedeagus is distinctive in having a pair of sinuate lateral 
processes which appear to articulate freely with the body of the aedeagus. 


EccLISSOMYIA MACULOSA Banks 
Ecclisomyia maculosa Banks, 1906, Ent. Soc. Wash. Proc. 8: 123. 2, @. 


An interesting feature of this species is the variation of wing length in the 
female. The wings may extend much beyond the abdomen, as in the male, 
or may be abbreviated and extend little beyond its middle. Such brachypterous 
forms have been taken at Specimen Cr., Yellowstone National Park, Wyo., 
in company with typical males and longer- winged females. These short front 
wings preserve very well the long basal extension of cell Ro typical of the 
genus. 


Records are available for this species from the following localities, all in the Rocky 
Mountain range. ALBERTA: Carthew L., Waterton Lakes Park. BritisH COLUMBIA: 
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Fig. 17.—Cryptochia pilosa. A, wings of male; B, § genitalia, lateral aspect; C, 
genitalia, dorsal aspect; D, 2 genitalia, ventral aspect. c, cercus; cl, clasper. 
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Fernie. CoLorapo: Boulder; Cascade Lodge and Hidden Valley Cr., Rocky Mountain 
National Park; Slate Cr., Summit Co.; West Portal, MONTANA: Trick Falls and Roe’s 
Cr., Glacier National Park. Wyominc: Medicine Bow Mts. at top of pass; and Speci- 
men Cr., Yellowstone National Park. 


EccLIsOMYIA SIMULATA Banks 
Ecclisomyia simulata Banks, 1930, Mus. Comp. Zool. Bull. 64: 346. 2. 


Originally described from Reno, Nevada, this species has since been taken 
northward through the Cascade-Sierra Nevada range in Oregon and Washing- 
ton, as follows. 

OrEGON: Big Meadows, N. Santiam Hwy.; Century Drive, Devil’s Garden and 


Dutchman’s Flat; Pole Cr., Crater Lake; and north fork of Iron Cr., and Government 
Camp, Mt. Hood. WasHINGTON: White R., Me. Rainier. 


The illustration of the male genitalia given in fig. 15, drawn from the 
holotype, shows a sharp angle between base and apex of the clasper. This is 
a contracted condition; in more fully expanded preparations the body of the 
clasper rounds much more gradually into the base. 


EccLISOMYIA CONSPERSA Banks 
Ecclisomyia conspersa Banks, 1906, Ent. Soc. Wash. Proc. 8:123. . 


The unusual mesal spur of the male clasper is distinctive of this species, 
fig. 16. The species is apparently the most widely distributed in the genus, 
with records from Alaska to California, as follows. 

ALASKA: Thunderbird Falls, Eklutna; Goat Cr. and Little Peter Cr., 19-22 mi. north 
of Anchorage. ALBERTA: Waterton. BritisH CoLuMBIA: Cultus Lake; Glacier; Kere- 
meos; Nanaimo. CALIFORNIA: Lone Pine. IDAHO: Moscow Mt. Montana: Many 
Glaciers Camp Ground, Glacier National Park. OrtGON: Strawberry Camp, Grant Co. 
WASHINGTON: Wenatchee R., Chiwaukum; Razorhone Cr., Mt. Baker; White R., Mt. 
Rainier; Olympia; Bagley Cr., Shucksan; Stevens Pass summit, near Berne; Anderson Cr., 
Sultan. 


On the basis of these records it appears that the species occurs farther south 
in the Cascade range than in the Rocky Mountain range. In the west it defi- 
nitely overlaps most of the known range of both scylla and simulata; in the 
eastern mountains it appears to overlap only the northern part of the range of 
maculosa. 


Cryptochia new genus 


This genus has several characteristics which indicate an extremely primi- 
tive condition for the Limnephilidae, especially the male genitalia, which have 
semimembranous cerci, prominent tenth tergite dorsal in position and with 
pairs of ventral lobes, and claspers placed ventrally, figs. 17B, C. Palpi, wing 
venation, and leg characters are all unmodified, further emphasizing this 
primitive condition. 


Adult—General characteristics typical of the family Limnephilidae. Ocelli 
prominent. Dorsum of head with only scattered hair and with no macrochaetae. 
Maxillary palpus short. Warts on lobes of scutum small and narrow. Legs 
with tibial spur count 1-3-4, with two black spines between the ->nical spurs 
of the middle and hind tibiae; tarsus with no spines on apical segrizent. Vena- 
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tion, fig. 17A, very generalized for family; front wing with R, only slightly 
sinuate, d and 1-m occasionally atrophied, usually fairly weak, anal veins all 
well developed; hind wing with all veins present, fork of Ro. either just be- 
fore or just beyond d. Male genitalia, figs. 17B, C, with tenth tergite dorsal in 
position, cercus small, ovate and semimembranous, clasper ventral and bear- 
ing a dorsal filamentous process. Female with a very large subgenital plate, 
which is subdivided into three lobes, the lateral lobes large and pointed, the 
mesal lobe shorter and narrow, fig. 17D. 


Genotype.—Parachiona pilosa Banks. 


In structure of genitalia this species is close to Farula from which it differs 
in the complete venation. In the generalized type of venation and spur count, 
Cryptochia resembles many specialized genera such as Pycnopsyche; from these 
it differs in the small anal area of the hind wing, in characteristics of male 
genitalia, and in the unusual subgenital plate of the female. 


CRYPTOCHIA PILOSA (Banks) 

Parachiona pilosa n. sp. Banks, 1907, Wash. Ent. Soc. Proc. 8: 121. @. 

This unusual species was originally described from Olympia, Washington, 
and has since been taken from various localities in Oregon and Idaho. The 
male has the bizarre genitalia illustrated in figs. 17B, C. The eighth tergite is 
simple, without areas of spicules or spines, and is armed only with a row of a 
few long single setae. The aedeagus, shown extruded in fig. 17B., is an un- 
usual structure having a massive, bootlike, central portion with a pair of stout, 
sclerotized blades arising dorsally at its apex. The female genitalia are also 
unusual, fig. 17D; this illustration is a drawing of the type female in the 
collection of the Museum of Comparative Zoology. 


LIMNEPHILUS Leach 


Occasion is taken at this time to describe two interesting new species in 
this genus, and to present illustrations of twe species closely related to one 
of them. 

Limnephilus conerus new species* 


Male.—Length 14 mm. Color almost entirely medium brown, the legs 
beyond the femora shading to yellowish; front wings also brown, with minute 
light speckling over most of the membrane and a white dash in the apex of 
cell Cu,. Structure typical for genus. Head with a silky macrochaeta posterior 
to each lateral ocellus. Front leg with the basitarsus one and one-half times 
length of second tarsal segment. Front wing with R, only slightly sinuate at 
base of stigma, and with crossvein in cell 1A frequently indistinct; hind 
wing with base of M,.» oblique in relation to Cu,. Eighth tergite simple, 
without projections or cushions of spines, with only an irregular apical row of 
well separated hairs. 

Genitalia as in fig. 19. Ninth segment massive laterally, reduced to a 
narrow strap dorsally. Cerci large, their dorsal margins straight and parallel 
and separated by a moderate distance, each cercus with trianguloid lateral 


* Whil. in press, this species was described as Limnephilus batchawana Denning. 


EMARGINATUS 


if 


Figs. 18-22.—Genitalia of Limnephilus. 18.L. curtus, & genitalia, lateral aspect: 
18A, cercus, posterior aspect. 19.L. conerus, & genitalia, lateral aspect; 19A, cercus, 
posterior aspect; 19B, aedeagus, lateral aspect. 20.L. emarginatus, & genitalia, lateral 
aspect; 20A, cerci, posterior aspect; 20B, aedeagus, lateral aspect. 21.L. conerus, Q geni- 
talia, lateral aspect; 21A, same, dorsal aspect. 21B, same ventral aspect; 21C, subgenital 
plate. 22.L. adapus, 2 genitalia, lateral aspect; 22A, aedeagus, lateral aspect; 22B, 
aedeagus, dorsal aspect. 
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aspect, and with a mesal projection which appears as a triangular flange from 
lateral aspect and as an angled mesal projection from posterior view. From this 
view, fig. 19A, this projection appears to arise from near the central portion 
of the lateral margin and its base is connected in a long semicircle with the 
dorsal point of the cercus; the actual sclerotized end of the mesal process 
varies somewhat in shape and may be almost rectangular. Tenth tergite form- 
ing two flat sclerites from each of which arises a sclerotized process whose 
lateral aspect is short, thick at base, and is narrowed to form a heavily sclero- 
tized, slightly upcurved point. Clasper solidly fused with ninth segment, its 
apex emarginate to form a pair of low sclerotized humps. Aedeagus, fig. 19B, 
with cylindrical central portion; each lateral arm has a sinuate base and a 
footlike apex; the short “heel” is feathered on each side with short, close setae, 
the dorsal “toe” is narrow and spiculate at apex. 


Female.—Size, color, and general structure as for male. Genitalia as in 
fig. 21. Subgenital plate with fairly simple lateral lobes and with a mesal lobe 
which is narrow, tapering from base to a rounded apex, fig. 21C. Ninth seg- 
ment with tergal region trapezoidal, slightly produced on meson; ventrolateral 
region divided into two halves which are imperceptibly separated on meson by 
a narrow membranous strip, each half forming a large lateral sclerite. Cerci 
situated above tenth tergite and forming a pair of long hairy processes with 
triangular lateral aspect, and separated on meson by a narrow, deep and sharp 
declivity. Tenth tergite short, its ventral margin nearly transverse and pro- 
duced slightly beyond the dorsal margin which is deeply incisea. 


Holotype, male-—Thunder Bay, Ont., July 8, 1935, H. S. Parish. 
Allotype, female-—Same data. 


Paratypes.—ALBERTA: Banff, July 22, 1922, C. B. D. Garrett, 13. Nordegg, Sept. 
18, 1921, K. Bowman, 14; July 7, 1921, J. McDunnough, 12. British CoLtuMBia: 
Barkerville, July 2, N. Criddle, 12, 19. Mucuican: Au Sable R., T26N, R2W, 
Sec. 12, Crawford Co., June 3, 1948, J. W. & F. A. Leonard, 12. NortHwest Ter- 
RITORY, around Great Slave Lake: Fort Resolution, 1861, Kennicott, 24; Aug. 24, 25, 
1914, F. Harper, 24; July 23-25, 1947, D. S. Rawson, 12. Et-than Is., Aug. 18-19, 
1947, D. S. Rawson, 22, 22. Outpost Is., Aug. 24, 1945, D. S. Rawson, 93, 392; 
Sept. 1-4, 1945, 48, 32. Gros Cap, Aug. 13, 1944, D. S. Rawson, 1%. Pearson 
Point, Aug. 12-15, 1947, D. S. Rawson, 24. Jones Bay, Aug. 7, 1944, D. S. Rawson, 
14,392. Ontario: Guelph, June 23, 1927, R. C. Osburn, 1 2; Thunder Bay, July 1, 
1937, H. S. Parish, 22. WyomineG: Laramie, July 5, 1938, D. J. & J. N. Knull, 12, 


This species is most closely related to curtus Hagen from which it differs 
in the shape of the cerci. In curtus the cercus, fig. 18A, has the sclerotized 
mesal processes arising very close to the dorsal margin, so that the dorsal point 
of the cercus appears almost as the base of the mesal process. Otherwise the 
genitalia of the two are very similar as indicated by figs. 18 and 19. I was 
first aware of the difference between these two in 1935 but at that time had 
only limited material. Recently I have had the opportunity to study the 
excellent series of conerus collected by Dr. Rawson and have seen additional 
material of curtus from Labrador and Quebec. The differences indicated hold 
up completely in these series and establish the two species as a pair of closely 
related forms, curtus occurring in the extreme northeastern part of the con- 
tinent, con¢rus extending from the western part of the range of curtus, west- 
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ward through the northern part of the continent into Alberta and British 
Columbia. Incidentally, curtus has sometimes been cited as a synonym of 
planifrons Kolenati, described from Labrador, but until more definite informa- 
tion is forthcoming regarding Kolenati’s types, I believe it is better to use for 
this species the name curtus, for which types are available. 


Both of these species have at times been confused with emarginatus 
(Banks). Of this species I have seen only two specimens, both from the 
type locality, Tellier, Alaska. This species differs from both curtus and conerus 
in the structure of the cerci, the cercus of emarginatus, fig. 20, having no 
mesal process as in the other two but instead having an apical tooth on the 
lateral margin just below the dorsal point; in emarginatus the apical processes 
of the tenth tergite are slender and narrow. The accompanying illustrations are 
drawn from a paratype male and it will be noted that there is considerable 
asymmetry in the posterior aspect of the two cerci. 


Limnephilus adapus new species 
Male.—Length 16 mm. Color reddish-brown, dorsum of head and thorax 


darker, wings transparent, slightly stained with brown, the front wings with 
darker spotting along the veins. General structure typical for genus. Head 
with the stout macrochaeta mesad of the posterior margin of each lateral 
ocellus. Front leg with basitarsus very short and globular, only one-third 
length of succeeding segment; tibia without apical spur. Front wing long and 
narrow, with R, barely sinuate; hind wing with base of M3.4 forming almost 
a right angle with M. Eighth tergite with an oval apicomesal projection which 
has the apical portion covered with short dense spicules. 


Genitalia as in fig. 22. Ninth segment deep but only moderately long, re- 
duced on meson to a narrow sclerotized bridge. Cerci large, their mesal mar- 
gins touching, each cercus with posterior aspect ovate and earlike, its lateral 
aspect irregularly trianguloid, the tip forming a sharp decurved point. Each 
lobe of tenth tergite fairly high and narrow, the apex pointed. Clasper with 
lateral aspect small and narrow, irregular and fingerlike. Aedeagus with apical 
portion consisting of a single upcurved, concave, heavily sclerotized structure 
entirely lacking the lateral arms; the penis is represented by a slender, almost 
mesal, duct-like structure in the basal portion of this stout concave structure. 

Holotype, male——Fort Davis, Texas, Jeff Davis Co., Davis Mts., summer of 1927 
and 1928, elevation 5,000’, C. C. Poling. 


Paratype.—Same data, one male. 
This species is in the spinatus group and is possibly most closely related 


to spinatus itself. It differs from this species and all other known species of 
the group in the fused and very heavily sclerotized aedeagus. 
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Corrections and Addenda to a Catalog 
of Nearctic Tabanidae 


Cornelius 8. Philip 


Hamilton, Montana 


Since the appearance of the tabanid catalog by the author (1947), a number of 
typographical errors and new information, in part supplied by Drs. Alan Stone. J. 
Bequaert, E. S. Ross, and other colleagues, have come to attention, the more important of 
which are provided below. 


In introductory remarks: Add explanation that double asterisk, “(**),” denotes 
wrong synonymy or unjustified change of name, and that “D.E.I.” is abbreviation for 
Deutschen Entomologischen Institut, Berlin-Dahlem. Explanation should also be added 
that most names cataloged as subspecies were originally proposed as varietal names, but 
were changed here because the latter do not have nomenclatorial validity through in- 
adequacy of the Rules. In the author’s actual opinion, forms (such as T. subfronto 
Phil.) with complete intergradation and geographical coincidence with the typical forms, 
merely represent extreme variants, hardly warranting treatment on a subspecific level in a 
biological sense, though they often will not key out properly to the species and the name 
is merely useful to call attention to the extreme in variation. From an evolutionary stand- 
point there is as much difference in levels of these subspecific names as there is in many 
specific ones assigned to the same genus. 


“Section Opistacanthae Lutz . . . etc.” (p. 262) should be indented and preceded by 
“Syn.” to indicate synonymy with the Subfamily Pangoniinae akove. 


Apatolestes parkeri. Reverse sexes; the holotype is a female, the allotype is a male. 


A. similis. Reference to Philip, 1941, should read “Bull. Brooklyn Ent. Soc.,” not 
“Pan. Pac. Ent.” Volume and page citations are correct. The same is true under A. 
comastes subsp. willistoni. 


Brennania. After Syn. Comops Brennan . . . etc., add “Not Aldrich, 1934, Dipt. 
Patag. & S. Chile, 7: 40.” 


Esenbeckia incisuralis. Delete “?” from location of type of Syn. Pangonia incisa in 


“Vienna Nat. Mus.” 


Stonemyia pigra. Through kindness of Dr. Peus of Berlin Museum, the type of 
Silvius isabellinus Wied. was loaned and found to be the same as S. pigra. This there- 
fore becomes a synonym of Stonemyia isabellina (Wied.), the prior name, and the refer- 
ences questioned under S. rasa (p. 265) should antecede No. 2, pigra. 


Silvius philipi. The second specimen of this interesting species comes from northern 


California through Dr. Middlekauff. 
Chrysops callidula Philip (= C. callida) should be preceded by a double asterisk. 


Italicize “confusus” below and add citation after Brennan “(wrong synonymy), 1935, U. 
Kans. Sci. Bull., 22: 271.” 


C. carbonaria Walker should be 1848 not 1948. The synonymic names under this 
and the following species, celeris, should be preceded by the genus “Chrysops” to coordi- 
nate with the other text. 


C. divisa. Insert “Male unknown.” 
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C. flavida. Dr. Tuxen of the Copenhagen Museum compared a series of variants for 
the writer and indicated the type as one with very diffuse abdominal but sharp wing pat- 
terns, the outer margin of the crossband being straight, not bowed as in subsp. reicherti. 
The antennae are not swollen as in brunnea. 


C. furcata. Add C.A.S. to location of cotype of synonym—C. lupus. 
C. guiterasi, p. 275. Delete question mark as synonym. 


C. hyalina. Delete “?” and “N. D. fide Krober’”’ after “N. C.” Precede Nemorius 
claripennis with double asterisk; also Chrysops nigrilimbo Aldrich under C. nigribimbo 
which was not a lapsus. C. Ayalina is peculiar among the black-faced species in the Nearc- 
tic fauna by having an entirely bare, shining fronto-clypeus. 


C. noctifera subsp. pertinax. Move distribution ahead to follow “. . . synonymy).” 


C. obsoleta Wied. Accumulation of specimens of this and C. ultima Whit. have 
convinced the author that the latter is really only a melanistic extreme in the considerable 
variation and intergradation to be observed as suggested by others, and it therefore should 
be cataloged as only a subspecies of obsoleta. In a series of specimens of ultima from 
Florida by D. C. Thurman, Jr., taken at the same time, there occur both the typical 
form and specimens with reduced, yellow abdominal striping. A series of males from 
Dover, Del., by R. Traub shows similar reduction of the middorsal yellow stripe, almost 
to disappearance in some. However, none has the three “very distinct’’ yellow stripes 
described by Osten Sacken for his male of the synonym, C. morosus. A similar range of 
variation is to be observed in the abdominal pattern of C. wiedemanni, though the mid- 
dorsal stripe has not been seen to completely disappear. 

Change location of type of synonym trinotata Macq. from “collection unknown” to 
B.M.N.H., and remove “‘?” as synonym, as descriptive remarks from Oldroyd confirm this. 


Notes by Dr. S. L. Tuxen on the type of C. lugens in Copenhagen indicate that this 
is actually the male of C. obsoleta Wied. with yellowish lateral thoracic bands above the 
wing bases as in a specimen of obsoleta submitted for comparison. The legs and wing 
pattern were also in agreement, but the type lacked the anterior, mid-thoracic plumbeus 
pollenosity, and any suggestion of the reduced, yeliowish middorsal stripe on tergites 2 
and 3 of the specimen compared. The type might be considered the male of subsp. ultima 
Whit. but this cannot be settled without more specimens, and, in any event, the name 
becomes a synonym of obsoleta by page priority. It must be very like a male from Mary- 
land with fuscous abdomen in MCZ labelled and discussed under morosus by Osten 
Sacken. One of the latter’s cotypes (and labelled by him “type of description,” though 
not the lectotype established by Fairchild, 1938) is a specimen of “lugens” of authors 
(not Wiedemann) and lacks the yellow stripe on either side of the scutum. 


Since this specimen cannot be used as lectotype, C. morosus is not available for 
revival, and none other applies, the “lugens” of authors requires a name and the male is 
still unknown. There has been doubt in the minds of some whether this represented a 
melanistic form of obsoleta, but it seems evident that melanism rather takes the direction 
of subsp. ultima. 


C. ornata Krober 1926. This name has remained of doubtful validity in the minds 
of most contemporary students of Nearctic Tabanidae, as being based on a probably aber- 
rant, unique specimen from Ontario with a cruciform maculation in the center of tergite 
4. Occasional specimens of several of the Chrysops species with black-lined abdomens 
show disarrangement of the black pattern on one or more tergites, though seldom in as 
symmetrical a pattern as figured for ornata. The writer has a specimen of aberrans with 
a heavier cruciform spot on tergite 2, and another of vittata from Quebec with an anasta- 
mosis of the spots on both the second and third tergites. 

The description otherwise fits rather closely that for vittata. The entirely reddish- 
yellow scutellum and basal infuscation in cell 2nd M exclude aberrans. The writer 
requested loan of the type from the Hamburg Museum in 1939, but impending hostilities 
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intervened. Dr. Krober now writes that this, together with all types of his many Neo- 
tropical species on deposit there, were destroyed by bombing (see also Sabrosky, 1947), 
a most regrettable calamity since other Museum material there was reported saved (Bailey, 
1946). 

No additional specimens have turned up in an area well and continuously sampled. 
While many tabanid species still rest on uniques, this specimen, in the writer’s opinion, is 
so obviously an aberrant vittata that he proposes to synonymize ornata with vittata, at 
least until it should be revalidated by the finding of additional specimens. 


C. pikei. A lectotype was set up by the writer in 1941 for a specimen in the Pa. 
State Dept. of Agr. In the G. M. Dodge Collection in Calif. Acad. Sciences are 8 Mis- 
souri specimens, at least 2 of which on long, white pins labelled “pikes” in Whitney's 
hand are probably from the original series. Add Tenn., Fla. 


C. proclivis O. S. Variations in this and C. surda O. S. have been so confusing that 
Krober (1926), Brennan (1935), and the writer (1935) have mistakenly followed Osten 
Sacken in overemphasizing the value of the facial color in differentiation or relation of 
these forms. 

By re-evaluation of groups of characters in more adequate series, it now appears possible 
to separate the two with greater reliability. 


C. proclivis and its variety imfurcata Philip, typically are more robust, the yellow has 
more orange shades, the apical spot in the wing picture has a tendency to broaden with 
an indefinite hind margin, the mesal black spot on tergites 1 and 2 usually narrows evenly 
on its sides and the yellow triangle on 2 is mostly small and narrow, while the black on 3 
and less often on 4 is usually emarginate behind to form a double geminate black figure, 
the central triangles almost never dividing the black completely. Only seldom does the 


lateral black on the face cross the sutures, but rarely may not even exceed the lateral 
pollinose stripes. The black, sublateral spots on tergite 2 show all grades of restriction to 
complete disappearance in imfurcata. 


C. surda and its variety picea Philip aze typically more slender, usually smaller, the 
yellow of the body is brighter, the apical spot is usually narrower and more sharply 
defined, the mesal black spot on tergites 1 and 2 is hour-glass shaped, being constricted at 
the incisure, and encloses a much more pronounced yellow triangle which nearly, or in one 
specimen seen, quite divides the black into 2 dashes on t. 2, and the black on t. 3 and 4 
is divided mesally by usually parallel-sided yellow stripes into a pair each of quadrate 
spots which may or may not enclose faint yellow spots. The black on the face sometimes 
recedes to the lateral sutures (which has caused the confusion with proclivis) or there 
may be indefinite shadows inside the sutures. Again the sublateral spots on t. 2 may be 
reduced to complete absence or be enlarged to join the central figure behind, thus leaving 
only a pair of inverted “‘u’’s antero-laterally as in picea. 

The legs of surda are generally darker than in proclivis, but in specimens of about 
equal melanization there is little appreciable difference. Exceptions are to ke found in all of 
the above differential characters individually, but when taken collectively, it does not 
appear difficult to sort out each species in a series of specimens. 

The male of proclivis is still not certainly known, the 2 described by the writer (1941) 
probably refer to surda. Since the apical spots of these are more like those seen in 
females of proclivis, it is likely that those in proclivis males will be even more extensive. 


C. striata. Since separation of aberrans Phil., actual specimens of true striata have 
been seen from the following of those localities listed: Que., Ont., Mass., N.Y., N.J., 
Ohio, Ind., IIl., Wisc., Mich., Minn. Add Iowa. Mexico is a very doubtful record. 


C. univittata. Type is in B.M.N.H. according to Mr. Oldroyd; not Mus. Lille as 
stated. Add. Tenn. Type of syn. fascipennis also is in B.M.N.H. 


C. vittata. Add to references, Johannsen, 1935, Cornell Exp. Sta. Mem. 177, Pr. II, 
p- 15 (pk). Recent inquiry of Berlin Mus., and D.E.I. have elicited the information 
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regarding location of Jaennicke’s type of syn. C. lineatus in “Coll. Schaufuss?” as prob- 
ably lost since that collection of Diptera was sold long ago. 


Diachlorus ferrugatus. Delete “Male unknown” and substitute “Shewell, 1947, 
Canad. Ent., 79: 32 (2). Add Miss. Change Neotropical distribution to read “{Mex- 
ico to Honduras }.” 


Aegialomyia. Add: Fairchild, 1942, Ann. Ent. Soc. Am., 35: 471 (subgenus of 
Stenotabanus). Bequaert, 1946, Psyche, 53: 75 (subgenus of Phaeotabanus). 


Chrysozona punctulata. Delete “possibly” for location of type which Dr. Séguy 
writes in the Paris Mus. of Nat. Hist. A specimen forwarded from Pa. agreeing with 
Stone (1938) and others was labelled by him, not in agreement, but this appears to have 
been due chiefly to replacement with a head of a black-faced Chrysops by someone, which 
Macquart specifically mentions. Though the wing picture drawn by Dr. Séguy does not 
agree, the author prefers to wait for further decision until actual study of the mutilated 
type (which now lacks the abdomen) can be made. The small size is in agreement but 
his further remarks “tibia I avec deux anneaux blancs; tibias II avec trois anneaux blancs, 
un basal; tibia III avec un anneau prebasal blanc . . .” do not agree with the species as 
redescribed from Florida specimens by Johnson in 1912. Records north of Florida prob- 
ably do not refer to punctulata (the type locality “Carolina” could have included No. Fla. 
in the early days). 


Atylotus incisuralis. Insert “Male, see intermedius below.” 
Leucotabanus ambiguus. Add “( 2, £)” after Stone’s reference. 


Whitneyomyia beatifica. Insert “Male, see lugubris below.” The type of lugubris is 
in Paris Mus. of Nat. Hist. according to Séguy, not Lille Mus., as stated. 


Hybomitra. Among generic synonyms listed, the spelling of ““Aplocera” should read 
“A plococera Enderlein, etc.” 


Hybomitra aequetincta. Transfer “Male, etc.” from T. aequitinctus below. Precede 
Tabanus nigrotuberculatus with double asterisk. 


H. carolinensis (Macq.) 1838. A comparison for the writer by Dr. Séguy with the 
types in Mus. Nat’l d’Hist. Nat. in Paris ( labelled from Bosc “hab. in Carolina,’ and 
2 by Macquart “320, Tabanus carolinensis”) surprisingly reveals that this supposedly 
well-known species has been misdetermined due to inadequacy of the original description, 
since the time of Osten Sacken and Hine. Redescriptions and figure of the antennae with 
forward projecting tooth by Dr. Seguy verifies this as the correct prior name for Hamata- 
banus scitus (Wlk.) 1848, (syn. T. hirtioculatus Macq. 1855, and T. cerastes O.S. 1876). 
There is no row of intraocular, coarse hairs in the @ type described by Stone for “‘caro- 
linensis” of authors. 


Because of the shape of the antennae, Dr. Séguy called this “un Dasyrhamphis” but 
the bare subepaulets of the genotype, D. ater, would suggest different tribal affinities than 
Hamatabanus of which scitus (now carolinensis) is the genotype. The latter genus has 
closer affinities to Alliomma (see Bequaert, 1946) from which it differs in having hairy 
eyes, reduced occipital tubercles in the males, and a very weak hind-tibial fringe. 


H. cincta. Since separation of H. criddlei,* typical H. cincta has been seen from all 
those localities listed, except Man., Ont., R.I., Ohio, Del., S.C., Tenn., and Mexico. Add 
Dic. 


H. lasiophthalma. “Alat.” in distribution should read “Alta.” Delete “?” for Ga.; 


add Iowa. Transfer from previous page to synonymy after “Tabanus notabilis . . .” refer- 


* In a recent paper, Pechuman considers this as only a subspecies of cincta. 
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ence to Tabanus fretus Stone, as the holotype proves to be a female of lasiophthalma 
with the wing-clouds faint. The allotype male is different and will be discussed elsewhere. 


H. longiglossa. Delete “Male unknown” and substitute “Male, see Stone below.” 


H. oklahomensis. This is another instance of preoccupation by Walker due to his 
inadequate descriptions which Osten Sacken so justly complained about. On the basis of 
manuscript notes by Hine, the writer (1937) and Stone (1938) synonymized T. patulus 
Wilk. with H. “carolinensis” Macq. On inquiry, however, the types from Georgia of T. 
patulus, a male and 3 females, all prove to be the same as H. oklahomensis according to 
notes furnished by Oldroyd, necessitating the replacement of the name of this interesting 
and well-recognized species, and furnishing a new tabanid record for Georgia. The eyes of 
the 2 type are more hairy than “carolinensis” of authors but there is the row of intra: 
ocular, coarse hairs. 


H. septentrionalis. The type of this cannot be found in Berlin Museum. Study of 
the type of Tylostypia labradorensis End. through kindness of Dr. Peus indicates the 
likelihood it is only a variant with slightly wider front and the lower border of the relaxed 
eye pattern narrowly purple in addition to the usual 3 narrow purple stripes. Dr. Bequaert 
has called my attention to the need for reversing the priority of frontalis Wlk. which is 
the older name; septentrionalis thus becomes the subspecies. The present conception of this 
complex is still probably composite. 


H. (Tabanus) tetrica (Marten) 1883. This earlier name continues to be overlooked 
by European students in accepting “Tabanus” tetricus Szilady, 1912, which was most 
recently cataloged by Krober as a Sziladynus (— Hybomitra) in the Palaearctic fauna. 
Olsoufiev placed it among his Tylostypia species (— Hybomitra). A new name cannot 
be proposed for Szilady’s species, however, pending decision as to the validity of ques- 
tioned synonymy of Therioplectes bimaculatus End. (1924, 8) and T. caucasicus End. 
(1924, 2). 


Under subsp. Airtula should be listed in synonymy “Tabanus rhombicus Osten Sacken 
(form 2), 1877, West. Dipt., p. 218.” 


Tabanus abdominalis. Prewar correspondence with Dr. Schroeder of Kiel Museum 
had revealed presence of fragments of a male and female in Fabricius’ Collection (no 
locality). However, it has since been learned from Dr. Séguy that the two real types in 
“Coll. Bosc.” are well preserved in the Paris Nat. Hist. Mus. as suspected by Osten 
Sacken in commenting on Macquart’s incidental remarks regarding the closed first posterior 
cell. Comparison of a series of specimens, including T. sulcifrons, indicates the correctness 
of Stone’s (1938) identification of T. abdominalis. It remains a mystery, considering the 
abundance of males of sulcifrons, why none of this sex has been assignable to abdominalis. 


T. acutus. Stone’s reference should be page 117, not 217. 


T. americanus. Change “B.C.” to “D.C.” 


T. atratus subsp. nantuckensis. Add to references, “Bailey, 1948, Psyche, 55: 131- 
138 (ef).” 


T. birder. This should be spelled birdie (Dr. Bequaert). 


T. caesiofasciatus (= giganteus). Change reference to “1941” not “1940.” 


T. cheliopterus subsp. subfronto. Insert “Male unknown.” Add S.C. 


T. coffeatus. A letter from Dr. S. L. Tuxen at the Zoological Museum in Copen- 
hagen and comparison with males forwarded, indicates that the characters of the type of 
T. nigripes Wied. do indeed place the two species as synonymous, though this type male 
is unusually large. The latter name wili therefore have priority for this well-known species. 


Change location of type of coffeatus from ‘collection unknown” to B.M.N.H. 
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T. cribellum. Return to genus Stenotabanus as assigned by Stone (1938). Add 
“Ohio S.U.” to location of a cotype of synonym Diachlorus guttatulus Townsend. 


T. fairchildi. Delete last line of distribution, “N.C., B.C.” 


T. floridensis. Return to genus Stenotabanus and add following reference, “Stone, 
i938, U.S.D.A. Misc. Publ. No. 305, p. 34.” Insert “Male unknown.” 


T. fumtpennis. Insert “Female, see rufus below.” 


T. waitans. Change reference to Stone to read “. . . Wash., 37: 19 (synonymy); 
1938, U.S.D.A. Misc. Publ. No. 305, p. 86 (f). Male, see fuscopunctatus below.” 
Type of latter in Paris Mus. of Nat. Hist. according to Séguy, not Mus. Lille as stated. 


T. lineola. Delete “Kroe’”’ end of line 7. 


T. melanocerus. As material accumulates, it is evident that certain characters are 
somewhat variable, including the degree of narrowing of cell R., the presence of a spur 
or angulation, and intensity of a cloud on the furcation, and the amount of melanization 
distally on the tibiae. In occasional specimens, the veins of the outer wing become mar- 
gined with brown. A series of specimens forwarded by Dr. R. H. Beamer show inter- 
gradation, which, as Dr. Stone observes, “bridge the gap” between this and T. lacustris, 
making synonymy evident. Nevertheless, it appears desirable to retain the latter as a sub- 
species of melanocerus. 


T. petiolatus. List as synonym .. . “Tabanus melanocerus. Hine, 1907, La. Agr. 
Exp. Sta. Bull. No. 93, p. 51 (in part).” 


T. proximus. Change cotypes to “5 2 2 Pike Co., Mo.” and add “C.A.S.” to loca- 
tion of a cotype. 


T. quinquerittatus. Insert “Male, see costalis below.” Add Wisc., Iowa. 


T. rufofrater. Delete line “Agr. Exp. . . . Nat. Hist.” (which was a typographical 
transposition from T. costalis on the preceding page). 


T. superjamentarius Whitney, 1897. Though the 2 cotypes have been destroyed, there 
is in the Calif. Acad. of Sciences, a female in the Dodge collection labelled “Milford, 
N. H. Whitney, 72200” (7-22-1900). This can ke regarded as a neotype of the species, 
which is topotypic and identified by the original describer. Add Tenn. 


T. tetropsis. Since this still remains as an unrecognized species, the following re- 
description from Mr. Oldroyd is offered for further reference: “(The type) is in good 
condition, abdomen rubbed, but not markedly greased. Has three rows of rather distinct 
spots, the median row tending to unite into a parallel-sided stripe. Runs down to lineola 
in Stone’s key, but differs from a male of lineola var. scutellaris named by you. Has eyes 
very similar, with same extent of brown upper facets and dark lower ones BUT the post- 
ocular rim is much wider, and the tubercle rather more distinct. Antennae very similar, 
but third segment more slender, and with less prominent tooth—tlackish instead of orange. 
Wing clear, with long, curved appendix. Subepaulets hairy. Predominantly a greyish 
species, notopleural lobes and sides of second and third abdominal segments slightly 


reddish. 


“No date of collecting, only ‘Am. boreal. Georgia.’ It is not floridensis—bigger and 
has much less triangular median abdominal spots.” 


T. vittiger subsp. nippontucki and schwardti should have been Nos. 9la and b, thus 
increasing the serial Nos. of the following three species by one each. A male of typical 
T. vittiger from the Galapagos Islands is badly needed to establish the systematic position 
of this complex. Delete “?” after “N.M.” in distribution of nippontucki and add IIl., 
Ind., Iowa, and Ga. to that of schwardti. 
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State and provincial distributional records additional to those listed are as follows:* 
Apatolestes albipilosus—Ore. A. comastes subsp. willistom—Nev. A. parkeri—Calif. 
Pilimas californica—Ariz. Stonemyia isabellina—Ga. S. rasa—Ont., Tenn., Ga. S. 
tranquilla—Ont., N.S., Ga., and subsp. fera—N.Y., Ga., Tenn., Mont. Silvius pollinosus 
—Tex. S. quadrivittatus—lll., Ia., Mo. S. sayi—Calif. (paratypes). Chrysops aber- 
rans—Kans. C. aestuans—Iowa, and subsp. abaestuans—Que. C. beameri—S. Car. C. 
brunnea—lIll., Miss. C. carbonaria—N.B., Minn., Ill., Tenn., Ga. C. dimmocki—La. C. 
divisa—Ga. C. dissimilis—Tex. C. excitans—Ida., Vt., Ga. C. flavida—Miss. C. frigida 
—Wyo., Utah, Ida., Alas., and No. West Terr. (Can.); since separation of 2 n. spp. 
from this complex (Philip, 1949), true C. frigida have been seen from all states and 
provinces listed, except “N.B.” and “N.F.” C. fuliginosa—Miss. C. fulvaster—lowa, 
Nev. C. fulvistigma—N.]., Fla., and subsp. dorsopunctata—La., Ga. C. furcata—N.M. 
C. geminata—Ark., and subsp. impuncta—Ga. C. hyalina, C. inda and C. lateralis—Ga. 
C. mitis—Conn., N.J., Yukon Terr., Nev. C. moecha—Ont., Ky. C. montana—Wisc. 
C. nigra—Vt., Fla. C. nigribimbo—Vt., Conn., D.C., Ga., Ala. C. nigripes—Labr. and 
No. West Terr. (Can.). C. noctifera—Ore. C. obsoleta—Ia. C. pachycera—Tex., 
and subsp. Aungerfordi—Utah (to replace coquilletti). C. parvula—Ga. C. pudica— 
Wisc. (delete “?” after IIl.).'C. sackeni—Me., Ga. C. shermani—Ga. C. sordida—N.B. 
C. striata—lowa, Ga. C. ultima—La., Miss. C. univittata—Tenn. C. wiedemanni—Wisc., 
Ind., W. Va., Fla. Hamatabanus carolinensis—Ark., Tenn. Atylobus bicolor—Conn., 
Iowa, Ga. A. ohioensis—Conn. A. thoracicus—Me., Conn., Ga., Colo. Microtabanus 
pygmaeus—N.C., Ga., Ala. Chrysozona punctulata and Aegialomyia psammophila—Ga. 
Hybomitra affinis—N.H. H. aequetincta—Que. H. captonis—Wyo. H. cincta—D.C. 
H. epistates—Me., Pa., Iowa, Wash. H. frontalis—Wash., Ia., Ill. H. gracis:pal pis— 
Wis. H. haemaphora—Nev. H. hearlei—Ont. H. hinei—subsp. wrighti—Miss. H. 
illota—Me. H. lasiophthalmus—N.B., Iowa. H. liorhina—Que., Alas. H. longiglossa— 
Nov. Scotia, Que., Ont. H. melanorhina—Nev. H. metabola—Yukon Terr., N.F., Me. 
H. microcephala—Conn. H. minuscula—N.B., N.H., Ohio. H. nuda—Colo. H. rhom- 
bica—Nebr., N.M., Nev., Calif. H. sonomensis and subsp. phaenops—Nev.; latter also 
Colo. H. typha—Me., Vt., Ga. H. zonalis—Ont. Tabanus aar—La. T. americanus— 
Ont. T. atratus—Ala., Nev. 7. bishoppi—Ga. T. catenatus—Ont., Md., Va. T. cayen- 
sis—Tenn. T. cheliopterus—D.C., and subsp. subfronto—S.C., La. T. endymion—La. 
T. equalis—Tex., Fla. T. fairchildi—Me., Ga. T. fulvulus—Tenn. T. fuscicostatus— 
Tenn., Ga. T. giganteus—Kan. T. kisliuki—Fla., Ala. T. laticeps—B.C. T. lineola 
and subsp. scutellaris—both IIl., S.C.; latter also Me., N.C., Ga., Fla., and Ida. T. 
molestus—Ia. T. mularis—Ill. T. nigrescens—D.C. and subsp. atripennis—Va., Ala., 
and “Canada” (O.S., 1876). T. nigrovittatus—Ill. T. nivosus—Nebr., Ga. T. produc- 
tus—Nev. T. pumilus—Ill., Ala. 7. punctifer—Kan. T. quinquevittatus—Ont., S.C., 
Ala., Ia. T. recedens—Ga. T. reinwardtii—W. Va., Iowa. T. sackeni—Pa., D.C., Iil. 
T. sparus and subsp. milleri—both Miss.; latter also N.J., Va., Ohio. T. stonei—Nev. 
T.. stygius—Ont., Wisc., Ill., D.C., Va., S.C., and Ga. T. sulcifrons—Wisc., Va., S.C., 
Mo. T. subniger—-Pa. T. superjumentarius—Ga., Tenn. T. texanus—La. T. trijunctus 
—Ga. T. trimaculatus—Tenn., Wisc., Iowa (delete “?” after Mass.). T. vittiger subsp. 
nippontucki—N.M. and subsp. schwardti—Conn., Ill., Ind., Iowa. T. vivax—Pa., Mich. 

There is still no satisfactory placement for such divergent elements left in Tabanus as 
sequax Will., reinwardtii, etc. However, the most divergent species replaced in Tabanus 
in the Catalog, namely T. cribellum, really belongs in the Diachlorini because of its bare 
subepaulets. Pending clarification of Agelanius and related Neotropical elements, it 
appears to be least unsatisfactorily placed in Stenotabanus following Stone, though, as the 
writer previously pointed out, cribellum is not strictly congeneric with the genotype, S. 
taeniotes, and even less so with Aegialomyia psammophila. In T. floridensis Hine, though 


* While this report was in press, an article by L. L. Pechuman, “Some notes on 
Tabanidae (Diptera) and the description of two new Chrysops” (Canad. Ent., 81: 77- 
84) describes C. atlantica n. sp. from Mass. to Virginia, and C. flavida subsp. celata nov. 
from New York to Alabama which should be added to the catalog. Add Conn. to dis- 
tribution of the former. 
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the subepaulets usually have a few hairs, in two specimens recently seen, these were bare 
ipparently without being rubbed (remove “?” after Ga. in distribution). This also appears 
best returned to Stenotabanus where Stone previously had placed it, since certain Neotropi- 
cal species belonging here also have occasional sparse hairs on this structure. This does not 
decrease the value of the subepaulets as a taxonomic character of suprageneric importance 
in the Tabaninae, however (see Oldroyd, 1949). 

Acknowledgements of the indispensable help of others are made in a collateral paper 
by the author (1950). Drs. Beier of Vienna, Oldroyd of London, Peus and Sachtleben 
of Berlin, Séguy of Paris, and Tuxen of Copenhagen provided type information in their 
respective museums. 

SUMMARY 


Emendations to the Nearctic Catalog of Tabanidae (Philip, 1947) include additional 
data on type locations of certain species, and additions to state distributional records. 
Tabanus cribellum and T. floridensis are returned to Stenotabanus in the tribe Diachlorini. 
Chrysops ultima Whit. is placed as a subspecies of C. obsoleta Wied., and C. surda O.S. 
1s revived as a full species. New synonymy includes: C. lugens Wied. (not authors) with 
C. obsoleta Wied., Hamatabanus scitus (Wlk.) with “T.” carolinensis Macq. (not au- 
thors), T. coffeatus Macq. with T. nigripes Wied., T. fretus Stone with Hybomitra lasi- 
ophthalmus Macq., H. oklahomensis (Stone) with H. patulus (Wlk.), Stonemyia pigra 
(O.S.) with S. isabellina (Wied.) and subordination of T. lacustris Stone to T. melano- 
cerus Wied. as a subspecies. 
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The Generic Status of Living Oysters and the Scien- 
tific Name of the Common American Species’ 


Gordon Gunter 
The Scripps Institution of Oceanography, 
The University of California at La Jolla 
and 
Institute of Marine Science, 
The University of Texas, Port Aransas 


INTRODUCTION 


Species of oysters in the family Ostreidae are found over the world along 
the shores of all continents (excepting Antarctica) and some oceanic islands. 
Oysters are an important seafood and their shells are useful for various pur- 
poses. For that reason they have been extensively studied, and the oyster has 
been called the scientifically best known marine animal in the world (Clark, 
1920; Nelson, 1938). Nevertheless, the proper generic name of several species, 
including that of the common American oyster, has never been commonly used 
or, in the case of most species, assigned. There are several reasons for this 
situation. The ordinary oyster biologist is not a taxonomist. The information 
which permits or, more correctly, necessitates a taxonomic revision has only 
recently been acquired. The conchologists have been notoriously concerned 
with shell characteristics and, since the oyster is one of the most variable ani- 
mals in the world so far as shape of the shell is concerned, this has led to 
confusion in various ways. 

In this paper I propose to clarify somewhat the generic status of the oysters 
of the world by considering taxonomic questions in the light of recently 
acquired biological knowledge. The present study leads to recognition of the 
two distinct groups of species of common oysters as Ostrea with O. edulis as 
type and Crassostrea with Ostrea virginica as genotype. 
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SHELL CHARACTERISTICS OF OYSTERS 

It is difficult to separate genera and exceedingly difficult to separate species 
cf oysters on the basis of shell characteristics alone. Yet these characteristics 
are all that are available to the paleontologist and they are practically the only 
ones used by conchologists working on living species. The living American 
oysters on the reefs and different types of bottoms along the Atlantic and Gulf 
coasts of the United States vary a great deal. A replica of many living species 


1 Contributions from the Scripps Institution of Oceanography, New Series, No. 457. 
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of Ostreidae, so far as shell characters go, can be found there. Shells may be 
ridged, convoluted, plicated, fluted at the edge or varied in many ways. These 
facts have long been known to oyster biologists. I have shown (Gunter, 1938) 
that virginica may be wider than long or 2.5 times as long as wide. Nelson 
(1938, p. 58) says, “I am in full sympathy with Orton’s hesitancy to accept 
specific designation in Ostrea on shell characters alone. In my large collection 
of shells of virginica are some which fall well within the range of variation of 
the shells of edulis, gigas, lurida, angulata, and frons. In one instance a small 
flat white shelled virginica which I dredged alive from the low salinity area of 
upper Delaware Bay, was identified from the shell as a Spondylus by one 
familiar with this genus and of associated animals in subtropical America. 


“It is not proposed that shell characters be abandoned in the classification 
of oysters, but it is suggested that in conjunction with the shell the anatomy 
of the soft parts, which after all create the shell, and the physiology and the 
ecology of this pelecypod conistitute a more adequate basis for sound taxono-ny. 
[his is certainly true of any species in which the shell is subject to such pro- 
found modification by environmental influences as is that of the oyster.” 


McLean (1941) discussed the extensive shell variations of oysters and the 
relationship between the soft anatomy and shell shape, as set forth by Nelson 
(1938). He stated that there are many more “categories” of oysters “than 
there are valid entities to fill them.” 


Ranson (1942), who has contributed more than any other worker to the 
understanding of the relationships of living and fossil oysters, recognizes clearly 
that external shell characters do not differentiate oysters. He states, “. . . the 
distinction of genera based on sculpture of the shell, . . . is artificial.” 


Several conclusions can be drawn from this state of affairs. There is little 
doubt that the genera and species of oysters have been multiplied unnecessarily. 
The conservative view seems to be justified. Taxonomists working with the 
Ostreidae must emulate the fisheries biologists, using large and “adequate 
samples” and analyzing large volumes of data statistically, as other modern 
taxonomists are doing, before the variations of species are properly compre- 
hended. Lastly, it should be realized that the only people who have a right 
to use only part of an animal, such as the shell, to describe a species are the 
paleontologists. The paleontologists have only the shells to work with and 
these are even more difficult to relate to modern species and genera than the 
living groups are to relate to one another, on the basis of shell character alone. 
Therefore, fossil genera will be largely ignored here in discussing living genera 
of Ostreidae. 


Nevertheless, a few shell characteristics are constant or more gen¢rally so 
than others. Oysters with a promyal chamber are more deeply cupped than 
oysters lacking this feature and have the muscle attachment farther removed 
from the hinge. These facts should be of some help to paleontologists in deter- 
mining whether genera, especially the more recent genera, are related to mod- 
ern types. The denticles along the anterior edge of the valves of some sp*cies, 
such as Ostrea cristata, of the South Atlantic and Gulf coasts, are constant. 
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McLean (op. cit. p. 2) says the form of the beaks and the hinge margin, the 
sculpture of the inner margin of the valves, particularly at the hinge and imme- 
diately on either side of it, and the form and position of the muscle scar seem 
to be the shell characters of most taxonomic importance. The last character is 
certainly important and the others possibly less so. 

With these facts in mind we can proceed with examination of the genera of 
living oysters. 


BIOLOGICAL REASONS FOR SEPARATING LIVING OYSTERS 
(GEeNus OstREA) INTO Two GENERA! 


It has long been known that the European oyster holds its fertilized eggs 
through most of larval development, while the American oyster sheds its eggs 
directly into the water where fertilization and larval development take place. 
Orton (1928) first pointed out that there are two distinct types of oysters and 
that all living species belong to one or the other. In type 1, “the shell is sub- 
circular, the egg is large; adult larviparous, the individual is hermaphrodite; 
spawning occurs at medium temperature, round about 15° C; and the species 
flourish in temperate regions.” In this group he included Ostrea edulis, the 
oyster of Europe, O. lurida, the Olympic oyster of the North American Pacific 
Coast, and O. angasi of Australia. In type 2 oysters “the shell is elongated 
. . 3 the egg is small; the adult nonlarviparous, the individual of one sex only; 
spawning occurs at moderately high temperature, round about 20° C, and the 
species flourish in subtropical or tropical regions.” In this group he included 
the common American oyster, O. virginica, the Portuguese oyster, O. angulata, 
and the East Indian species, O. cucullata. He suggested that the two types of 
oysters be given subgeneric or gencric rank, the first known as Ostrea and the 
second as Gryphaea. However, Orton preferred his own new terms Monoeci- 
ostrea and Dioeciostrea for types 1 and 2, respectively. The first term cannot 
replace Ostrea, which is well established. The last term is also a synonym as 
will be shown. In addition, it has been shown by Amemiya (1929) and Bur- 
kenroad (1931) that type 2 oysters change sexuality and Orton (1927) him- 
self had shown that O. edulis also changes. Therefore, Orton’s terms are not 
only nomenclaturally unnecessary but wrong in their implication. The latter 
fact was unknown at the time Professor Orton wrote. 


The supposed difference in distribution stated by Orton (1928) was ques- 
tioned somewhat by Nelson (1938), who pointed out that virginica endures 
freezing temperatures for several months of the year on the United States east 
coast, that O. lurida of the Pacific cannot endure freezing temperatures, and 
that O. cristata lives along the U. S. South Atlantic and Gulf coasts. These 
differences are somewhat resolved if it is remembered that type 1 oysters are 
largely marine, while type 2 oysters are estuarine. Therefore, type 1 lives in a 
more stable environment, while type 2 has been subjected to and is apparently 
better adapted to wider changes of temperature, salinity and turbidity. The 
difference in spawning temperatures ate not so clear as Orton indicated. Type 


1 This question has been briefly discussed previously in abstract form (Gunter, 1948). 


| 
a 


1950 GUNTER: GENERIC STATUS OF OYSTERS 441 


1 oysters do seem to extend into higher latitudes. Ostrea cristata Born, extends 
from North Carolina to Brazil; O. stentina Payraudeau, and O. edulis Lin- 
naeus, live in the Mediterranean. Other type 1 oysters live in the subtropics 
and tropics. The supposed differences in distribution may not actually hold 
true and should be investigated further. 


Elsey (1935) found that the gills of O. lurida (type 1 ) oysters have very 
large ostia, through which the large eggs must pass during spawning. Hopkins 
(1936) verified that eggs pass through the gill ostia. It appears that large ostia 
in the gills is another character differentiating type 1 oysters from type 2 
oysters. 


Nelson (1938) discovered the significance of the promyal chamber, a dis- 
tinct anatomical feature of type 2 oysters, which is essentially a second epi- 
branchial chamber. He showed that it is a feature of the estuarine species, 
living in muddy waters and stated that it enabled oysters to cleanse themselves 
of sediment. Type 1 oysters live in ciearer and more saline waters farther off- 
shore. Oysters with a proymal chamber have the muscle attachment farther 
removed from the hinge of the valves. The valve is also more deeply cupped 
than in type 1 oysters. Nelson (op. cit.) agreed with Orton on the importance 
of the differences of the two types of oysters and said that those of type 2 
should be raised to the generic rank. He placed them in the genus Gryphaea. 


Ranson (1939, 1942, 1943) has shown in a convincing and very interesting 
series of papers that type 1 and type 2 oysters, which he calls Ostrea and 
Gryphaea, respectively, are clearly separable on a basis of characters of the 
prodissoconch shell, chiefly of the hinge. In addition he has shown that Pycno- 
donta may be separated as a third genus, on the same basis. The important 
bearing of Ranson’s work on the classification of oysters will be discussed further 
on. For the time being we are only interested in the genus Ostrea, of most 
workers, which really includes two genera. 


Table I shows the differences between type 1 and type 2 oysters. These 
characters merit some further discussion, and for that purpose will be numbered 
1, 2, 3, etc., from top to bottom of the table. 


The first character is based on an observation of my own, which will be 
obvious to most oyster biologists. There are a few really large oysters in the 
type 1 group and some of them, such as Ostrea cristata and O. lurida, are very 
small. On the other hand the Portuguese oyster, angulata, the American vir- 
ginica and the Japanese gigas, of type 2 are very large, the largest attaining a 
length of 8 to 10 inches and, in exceptional cases, more. 

Characters two, three and four are all interdependent. The first two were 
pointed out by Orton (1928). The last was noted by Elsey (1935) in O. 
lurida and so far as the literature shows the observation has not been confirmed 
for other species. However, it is highly probable that all larviparous oysters 
have large gill ostia and the character is included here for the sake of com- 
pleteness. 

Characters five to eight are also interdependent. They were discussed above 


3 (2) 
, the 
me- 
seem 
teris 
| 
eggs 
eggs 
lace. 
and 
sub- 
dite; 
ecies 
the 
cific 
ated 
nly; 
the 
ded 
ata, 
s of 
the 
CI- 
not 
as 
Bur- 
im- 
not 
tter 
es- 
res 
past 
and 
ese 
are 
na 
tly 
he 
ype 
8). 


442 THE AMERICAN MiIpLAND NATURALIST 43 (2) 
except for pigmentation of the muscle scar. In addition the presence of the 
promyal chamber may account for the greater elongation of the type 2 oysters. 
At any rate these oysters seem to be not so round as species with the muscle 
nearer to the center of the shell. I am indebted to Dr. P. Korringa for pointing 
cut that the common type 1 oysters of Europe and America do not have a 
pigmented muscle scar. Conversely the muscle scars of type 2 oysters of the 
same area are usually but not always pigmented. Dr. T. C. Nelson, personal 
communication, has observed virginica shells without a pigmented muscle scar 
and I have observed the same thing in gigas. 


The prodissoconch characters as described by Ranson (op. cit.) are very 
interesting and biologically significant, but for the taxonomic questions of the 


moment they need no further discussion. 


These differences tabulated in table I apply to life history, habitat, anatomy 
of soft parts, shape of the shell and definitive characters of the prodissoconch. 
It is amply clear that there are two distinct groups of edible oysters, with sev- 
eral species in each group, both of which deserve generic rank. As shown 
above, this rank has been accorded by all the leading oyster biologists who have 
given attention to the problem. The status of classification of the two groups 
under the rules of zoological nomenclature will now be discussed. 


Tasie I.—A comparison of characters of Orton’s type 1 and type 2 oysters. 
These characters are discussed in the text. 


Type II—(exemplified by the common 


Type I—(exemplified by the European 
American oyster, C. virginica) 


oyster, Ostrea edulis) 


. Average size smaller Average size larger 


Eggs shed free into water; fertilization and 
larval development take place in the 
water 


. Eggs retained; fertilization and larval 
development within mantle chamber 
and gills 


. Eggs large; upper limit produced at one 
spawning, around 1,000,000 


. Gill ostia large 
. Have no promyal chamber 


. Live in sea water (high salinity and 
clear) 


. Muscle near center of shell; muscle scar 
not pigmented 


. Lower valves flatter 
. Shape subcircular; more constant 


. Prodissoconch hinge long, 2 crenulations 
at each end; ligament at level of the 
cardinal plateau; valves symmetrical 


Eggs small; upper limit produced at one 
spawning above 50,000,000 


Gill ostia small 
Have promyal chamber 


Live in estuaries and brackish waters (low 
salinity and turbid) 


Muscle closer to opening between the valves; 
muscle scar usually pigmented 


Lower valves more cupped 
Shape more elongate; more variable 


Prodissoconch hinge short, 2 crenulations at 
each end; ligament anterior, outside the 
cardinal plateau; valves dissymetrical 


4 
5 
8 
9 
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THE GENERA OF LIVING OYSTERS 


A list of valid generic names of living Ostreidae, are given by Stenzel 
(1947). His interpretations were based largely on the taxonomic rules and are 
liberal. That some of the genera are not valid biologically and are merely 
synonyms will be shown. The names are: 


Alectryonella Sacco 1897, p. 19 Ostrea Linnaeus 1758 

Alectryonia Fischer de Waldheim 1807 Ostreola Monterosato 1884 
Anodontostrea Suter 1917 Saxostrea Iredale 1933 

Crassostrea Sacco 1897, p. 15 Striostrea Vialov 1936 

Dendostrea Swainson 1835 Pycnodonte Fischer de Waldheim 1807 
Eostrea von Ihering 1907 


The genotype of Ostrea is Ostrea edulis Linnaeus, 1758. Linnaeus did not 
designate the type species, but it was done later by Schmidt (1818). In addi- 
tion the same designation can be arrived at by absolute tautonomy, as Stenzel 
(1947) has pointed out in his excellent review of the status of supraspecific 
names of the Ostreidae. The International Commission on Zoological Nomea- 
clature placed Ostrea on the Official List of Generic Names, with edulis as the 
type species, in Opinion 94 (Smithsonian Institution, 1926). 


Table II gives the better known species of Ostrea, as restricted here, with 
their ranges. As Orton (1937) has pointed out, over a hundred species have 
been described (including both type 1 and 2 oysters), but future examination 
will probably show that the actual number is less. 


TaBLeE II.—The better known species of type 1 oysters, Genus Ostrea 


as restricted here, and their ranges. 


SPECIES LOCALITY CoMMON NaME 


Ostrea edulis Linnaeus Norway to Mediterranean European Oyster 
and Aegean 


O. cristata Born South Atlantic and Gulf 
Coasts of the United 
States 


O. lurida Carpenter Alaska to Baja California Olympic Oyster 
O. angasi Sowerby South Australia and Tas- Mud Oyster 


mania 
. permollis Sowerby Florida, West Indies Sponge Oyster 
. denselamellosa Lischke Japan 


O 
O 
O. stentina Payraudeau Mediterranean 
O 


. puelchana d’Orbigny Argentina 


The genus Anodontostrea was set up by Suter (1917) and Finlay (1928) 
designated Ostrea angasi Sowerby as the genotype. The latter species is the 
common Australian oyster of Orton’s type 1 group (Genus Ostrea). Orton 
(1937, p. 189) says, “The Australian mud oyster, O. angasi, and its New 
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Zealand ally are so similar to the European form that one wonders whether an 
enterprising colonist may not some time i the past have transported samples 
there from Europe.” He and other oyster biologists have properly ignored 
Anodontostrea, which is an unnecessary synonym of Ostrea, as Finlay recog- 
nized. Eostrea von Ihering (1907), applied to the oysters of the east coast 
of South America, with O. puelchana d’Orbigny as the type, falls in the same 
category. Ranson (1939) has shown that this species is larviparous and belongs 
to Ostrea. 


The type of Ostreola Monterosato, 1884, O. stentina Payraudeau, is an 
Ostrea as Ranson has shown on the basis of the characters of the prodissoconch 
shell. I examined a shell from Naples, furnished by Dr. Myra Keen of Stan- 
ford University. The shell is that of a typical flat oyster, similar to O. edulis, 
with marginal denticles on the upper valve and opposing grooves on the lower 
valve near the hinge, as in O. cristata. The muscle scar was not pigmented 
and its placement indicated that no promyal chamber existed. 


According to Ranson (1943) the type of Alectryonella Sacco, 1897, A. 
plicatula (Gmelin), is in reality a living member of the folium-frons group, 
not to be confused with O. plicatula of paleontologists, which is in reality a 
Pycnodonte. This then throws Alectryonella into synonymy with Dendostrea 
Swainson 1835, of which O. folium Linnaeus, was designated the genotype. 
But Ranson (1942) showed by the prodissoconch that O. folium is an Ostrea. 
Likewise he demonstrated that O. cristagalli Linnaeus, the type of Alectryonia 
Fischer de Waldheim 1807, is also a true Ostrea. The genera Alectryonia and 
Dendostrea have been held to be synonymous by some writers (vide McLean, 
1941). We can accept the correctness of Ranson’s views synonymizing Alec- 
tryonella and Dendostrea. If it is insisted that the shell characters of the tree 
ovstets (prolongations of the lower valves around mangroves, corals, etc.) are 
definitive enough to merit generic or subgeneric separation, then Dendostrea is 
still closely allied to Ostrea, sensu strictu. It should be pointed out here that 
the prongs or lateral outgrowths of the lower shells of Dendostrea are absent 
on unattached specimens (Woodring, 1925). 


There is a confused point about the tree oysters which should be cleared 
up. Ranson (1942) has stated that O. folium, the genotype of Dendostrea 
Swainson, 1s an Ostrea on the basis of its prodissoconch. However, the folium- 
frons group is often referred to as a unit and Nelson (1938) hos stated that 
O. frons is an oyster with large promyal chamber and extensive aborad displace- 
ment of the muscle. This is contrary to Ranson’s later findings, for all other 
evidence indicates that the presence and absence of the promyal chamber and 
the prodissoconch characters, as described by him, are correlated. McLean 
(op. cit.) states that the muscle scar of O. frons “is located well up towards 
the hinge,” indicating absence of a promyal chamber. I have verified this obser- 
vation on specimens in Dr. H. B. Stenzel’s collection. This indicates that the 
species had no promyal chamber and is related to the true Ostrea, sensu strictu. 
These observations correspond with Ranson’s (op. cit.) that the folium-frons 
group is allied to Ostrea. The circumstances make it appear probable that Nel- 
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son’s frons was in reality a variant of virginica and not a true frons. Doctor 
Nelson has indicated in a personal communication that he now believes that 
was the case. 


The status of Alectryonia is not clear. The type species is Ostrea cristagalli. 
The only shells of cristagalli I have seen are those in the collection of Dr. H. 
B. Stenzel, of the Bureau of Economic Geology of the University of Texas. 
The species seems to be different from the tree oysters, but provisionally we 
must hold in mind that Alectryonia and Dendostrea are possibly synonyms, as 
indicated by McLean (1941) and Ranson (1942). In that case Alectryonia 
takes precedence. Saville-Kent (1893) refers to O. cristagalli and O. frons, 
respectively, as the large and small coxcomb oysters. In any case Ranson (op. 
cit.) has indicated that Alectryonia is related to Ostrea, sensu strictu, which is 
the point pertinent to this discussion. 


Ranson disregards the various shell characteristics and variations and oblit- 
erates several genera, reducing the living Ostreidae to three: Ostrea, Gryphaea 
and Pycnodonte. This interpretation, no matter how drastic it may seem to 
some conchologists, does no particular violence to the concepts of oyster biolo- 
gists, who have frequently stressed the great variations in oyster shells produced 
by environment. Ranson’s separation of Ostrea and Gryphaea on the basis of 
prodissoconchs corresponds with the division of species made on other grounds 
by Orton (1928) and Nelson (1938). 


There remains the task of demonstrating the proper generic name of the 
type 2 oysters, which Ranson, Orton and Nelson refer to as Gryphaea. It is 
predicated that the group 2 oysters should be assigned to the genus Gryphaea, 
presumably because Gryphaea angulata Lamarck is considered to be the proper 
name of the Portuguese oyster, a member of the type 2 group. However, Gry- 
phaea cannot be accepted for any living genera of oysters. Lamarck (1801) 
mentioned 9 species of Gryphaea. Three of them, including G. angulata, were 
not defined, described or indicated. Lamarck stated that he would later describe 
them, “. . . je catactérisai toutes celles dont je donne ici simplement le nom.” 
The other 6 species were indicated by reference to figures in published works. 
Of angulata Lamarck merely said, “Gryphaea angulata n. Espece rarissime que 
l'on posséde dans I’etat marin, a Paris.” This certainly is not a valid descrip- 
tion and what was meant can never be ascertained. Therefore, angulata of 
Lamarck 1801, along with depressa and angustata, are nomina nuda, and as 
such cannot under the International Rules be selected as genotypes of Gry- 
phaea Lamarck Jan. 1801, regardless of whether they were later validated by 
proper descriptions. All of Lamarck’s valid species were fossil. Anton (1839) 
selected G. arcuata Lamarck, a fossil, as the genotype. W. H. Dall (1898), 
Hertlein (1933) and Stenzel (1947) have all clarified this question and there 
is no need for it ever to rise again. McLean (1941) agreed. Lastly, the Inter- 
national Commission on Zoological Nomenclature has ruled in Opinion 79 
(Smithsonian Institution, 1924), that “rigidly construed,” Lamarck’s (1801a) 
Systéme des Animaux sans Vertébres is not to be accepted as designations of 


type species. 
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The fossil Gryphaeas belong to the Jurassic and Cretaceous period and 
none should be confused with a living genus. They have a peculiar back- 
ward extension of the lower valve, recufving over the hinge and the hinge 
region of the upper valve, and other characteristics which clearly separate them 
from all other Ostreidae. They became extinct approximately 60,000,000 years 
ago. This is the group which some workers refer to as Liogryphaea. Stenzel 
(1947) has pointed out that in 1886 Paul Fischer made Gryphaea arcuata 
Lamarck, the genotype of Liogryphaea. Since G. arcuata was previously made 
the genotype of Gryphaea by Anton in 1839, Liogryphaea is an exact synonym 
and has no standing whatsoever as a valid name. Apparently, this erroneous 
usage is brought about by the misconception that Lamarck’s nomen nudum, 
Gryphaea angulata, validated Gryphaea for the living genus. As was seen 
above, this is impossible. Therefore, Gryphaea applies to the jutassic and Cre- 
taceous fossils and the task of ascertaining the proper name of the living genus 
still confronts us. 


The first valid generic name applied to the type 2 oysters is Crassostrea 
Sacco (1897), who made the American virginica the genotype. Hirase (1930) 
and McLean (1941) are the only recent workers to recognize this name, but 
they give it only subgeneric rank and McLean conservatively says that since we 
cannot assign all species to the two categories the genus Ostrea should be main- 
tained for the present for all species of which the soft anatomy is not known. 
Certainly older names should be retained when the position of a species is in 
doubt, but that is no argument for subgeneric rank. The second group of 
oysters deserve full generic rank, as indeed it has been accorded by several 
workers best acquainted with oyster biology. The name of the common Ameri- 
can oyster then is properly Crassostrea virginica (Gmelin). A list of the better 
known species of Crassostrea is given in table III. 


Tasce III.—The better known species of type 2 oysters, 
Genus Crassostrea, and their ranges. 


SPECIES LOCALITY CoMMON NAME 
Crassostrea virginica Canada to Campeche American or Virginia Oyster 
(Gmelin) 
C. angulata (Lamarck) Southern Bay of Biscay; Portuguese Oyster 
Mediterranean 
C. gigas (Thunberg) Japan Japanese Oyster 
C. cucullata (Born) East Indies Indian Oyster 
C. commercialis (Iredale Australia Rock Oyster 
and Roughley) 
C. circumpicta (Pilsbry) Japan 


. rhizophorae (Guilding) Cuba Cuban Oyster 


yster 
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Only one subsequent name is properly a synonym of Crassostrea. The 
species Ostrea commercialis Iredale and Roughley was designated as the geno- 
type of Saxostrea Iredale (1933). The East Indian cucullata is so close to the 
Australian commercialis that Orton (1937, p. 183) has indicated that possibly 
they are the same species. Be that as it may, Saxostrea differs from Crassostrea 
only in shell characteristics, which should not be considered valid grounds for 
separation. Orton (1937) has shown that cucullata is a type 2 oyster. There- 
fore, Saxostrea is a synonym of Crassostrea. 


The status of Striostrea Vialov, 1936, remains to be discussed. The type 
species, O. multistriata, was described by Hanley (1846). He said, “The 
lower valves were attached by their entire surfaces to a ship returning from 
the coast of Africa.” This statement is the only one relating to the type 
locality and it is certainly not a good one. The American oyster, Crassos- 
trea virginica (Gmelin), is sometimes attached by the whole lower valve to 
flat surfaces and I have seen specimens striated in a manner similar to con- 
figurations of the substratum to which they were attached. McLean (op. cit.) 
has noted that O. frons may have a longitudinal ridge down the center of the 
shell, which he says is nothing more than a reflection of the gorgonium stem 
to which the specimen was attached. He has also noted specimens striated 
similarly to the Pecten shell to which they were attached. I have noted the 
same thing in Ostrea cristata. The species multistriata (if it is valid) may be 
a Crassostrea, but in any case the genus has no type locality and the description 
does not separate it, either from Ostrea or Crassostrea. Therefore, it remains 


highly doubtful. 


SOME REMARKS ON THE GENERAL RELATIONSHIPS OF LIVING OYSTERS 


The Pycnodontes live in pure salt water and sometimes at considerable 
depths. The intestine passes through the heart and the inner shell has a 
peculiar cellular structure, indicating that the physiological process of growth 
is quite different from that in other oysters (Ranson, 1939). Ranson has 
also shown that Pycnodonte differs from other oysters in having the prodis- 
soconch hinge short, crenulated for its whole length and with the ligament 
outside the cardinal plateau. These points separate this well-defined group 
from all other oysters. Ranson (op. cit.) gave a list of species. Ostrea 
thomasi McLean (1941) from the east Florida coast is evidently a Pycnodonte. 
The Pycnodontes are clearly coordinate with all other living oysters. 


Crassotrea is coordinate in rank with Ostrea. As we have seen above, 
Ranson relates the tree oysters Dendostrea (Alectryonia, Alectryonellla, Lopha, 
Rastellum of authors) to Ostrea. His proof of the relationship is interesting 
and apparently correct; but the tree oysters, in habitat, distribution, peculiar 
coxcomb edge of the valves, and habit of clinging to submerged stems, (with 
appropriate shell modifications) seem to be a well-defined tropical group, 
separable from Ostrea, sensu strictu. They may be considered coordinate or 
subgeneric. In any case Crassostrea is coordinate to the Ostrea-Dendostrea 
group. 

Ranson (1942) states that Gryphaea (his term Liogryphaea) gave rise 
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to Exogyra and Crassostrea (his term Gryphaea), but that the origins of 
Ostrea and Pycnodonte were not clear. As indicated by the above remarks, 
Dendostrea (Alectryonia) probably arose from Ostrea. 
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Developmental Studies Concerning the Eggs 
of Ascaris lumbricoides var. suum* 


Aaron P. Seamster 


University of Notre Dame, Notre Dame, Indiana* * 


Introduction 


The literature reveals that velocity curves for developmental stages of 
parasitic worms have not been reported. Many authors have studied the 
development of parasite ova and larvae but in each case they failed to present 
comprehensive information regarding temperature and humidity effects. The 
majority of such reports merely give the period required for development to a 
given stage under natural conditions or at a particular temperature or at the 
minimum, maximum, or optimum temperature. For instance, Leuckart (1876) 
observed complete embryonation of the ova of Ascaris lumbricoides (human) 
in forty days at “mid-summer temperatures”; Raillet (1893) reported that at 
a “favorable temperature” Ascaris lumbricoides var. suum ova contained motile 
embryos in thirty to forty days; and Wharton (1915) observed embryonation 
of Ascaris lumbricoides (human) ova in fifteen days at “summer tempeza- 
tures” in the Philippine Islands. Similarly, Brown (1927a) reported embry- 
onation of Trichurts trichiura ova in twenty-one days and of A. lumbricoides 
(human) ova in fifteen days under “field conditions” in Panama. 


A few authors have considered the effects of temperature and tempera- 
ture and humidity on the development of parasite ova in a more detailed man- 
ner. The contributions of Fauré-Fremiet (1913), Zawadowsky and Sedorov 
(1931), McCoy (1930), Foster and Daengsvang (1932), Spindler (1929), 
Brown (1927-28), Onorato (1932), and Otto (1929) are the most significant 
in this regard but are not detailed enough to present an essentially complete 
picture of the temperature and humidity relationships involved. In no case 
was an attempt made to construct a velocity curve of developemnt. 


Reports regarding humidity effects on the development of parasite ova are 
inadequate since in no case did the apparatus utilized permit maintenance of 
an accurate and constant humidity during the entire period of experimenta- 
tion. The experiments of Nolf (1932), Onorato (1932), Spindler (1929), 
Otto (1929), and McCoy (1930) were performed with the aid of a tempera- 
ture-humidity apparatus devised by Otto (1929). In describing the apparatus 
Otto writes: “A partially saturated atmosphere was maintained by passing the 
air through a water bottle and then into a glass tube containing moving dry 
air. The humidity of the air passing into the chamber was thus controlled by 
stop cocks on the tubes containing the moist and dry air respectively.” Fur- 


* Contribution from the Department of Biology, University of Notre Dame, Notre 
Dame, Indiana, and taken from the author’s doctorate thesis. 


** Present address: Del Mar College, Corpus Christi, Texas. 
450 


1950 SEAMSTER: ASCARIS LUMBRICOIDES DEVELOPMENT 451 


ther, Otto states that: “Atmosphere referred to as saturated were 96-100 per 
cent saturated and so maintained by keeping a large open container of water 
in the chamber. Air was bubbled slowly through the water and paper towels 
standing several inches above the water served as wicks.” It is apparent that 
under such experimental conditions both temperature and humidity will vary 
somewhat. No continuous charts were made of relative humidities used so 
that precise data are wanting. 


ACKNOWLEDGEMENT 


The author wishes to express his thanks and appreciation to Dr. John D. Mizelle, 
Department of Biology, University of Notre Dame, for helpful suggestions and direction 
of the problem; and to Dr. C. L. Gegax, Bureau of Animal Industry and the Hygrade 
Food Corporation, Mishawaka, Indiana, for a constant supply of live ascarids. 


Materials and Methods 


TEMPERATURE-HUMIDITY EXPERIMENTS 


Specimens of Ascaris lumbricoides var. suum, from which ova were ob- 
tained for use in the present problem, were collected -from pigs slaughtered 
by a local packing company (Hygrade Food Corporation, Mishawaka, Indi- 
ana). Some of the specimens were washed, placed in Kronecker’s* solution, 
and retained in the laboratory for observation of egg production. Others were 
dissected and ova were stripped from the terminal portions of the uteri for use 
in developmental experiments, etc. Ova obtained in this manner were used with 
confidence throughout the present work since Ransom and Foster (1920), 
Martin (1926), and Brown (1928a) demonstrated conclusively that eggs so 
collected, develop identically as those deposited by the parasite. Wharton 
(1915) used eggs which were laid, in his experiments. 


Although it is possible to maintain a supply of Ascaris ova by storing them 
in a refrigerated solution of 1-1000 formalir-tapwater at approximately 10° C., 
it was feared that such procedure might give erroneous results. Eggs stored 
in this manner remain uncleaved but it seems quite likely that such ova may 
not be completely dormant and might undergo physiological change. 


For each temperature-humidity experiment, living female Ascaris lumbri- 
coides var. suum were dissected, the terminal inch of the uteri was stripped, 
and 500 eggs (minimum) thus obtained were placed in stender dishes con- 
taining 1-1000 formalin-tapwater solution, and a sinilar number was smeared 
on each of at least five glass slides. Ova prepared in this manner were sub- 
jected to identical conditions of temperature and humidity except those of 
which were used as controls. These were kept in stender dishes of 1-1000 
formalin-tapwater solution at laboratory temperatur:s. 


The apparatus used ia all experimental procedures concerning temperature 
and humidity was a Climatizer and accompanying work chamber, both of 
which were manufactured by the American Instrument Company, Silver 


Spring, Maryland. 


* Normal saline plus 0.06 grams NaOH per liter. 
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The climatizer unit consists of an enclosed spray chamber in which the 
water temperature was thermostatically conirolled, a spray pump, a circulating 
fan, and elements to heat the circulating air. A refrigerator unit with coils in 
the spray chamber served to cool the water and to remove the excess moisture 
from the circulating air (Fig. 1). 


ORY-B8ULB DAMPER WET-BULB INLET AIR 
TEMPERATURE ADJUSTMENT REGULATOR WET-BULB ELIMINATOR 
REGULATOR ANOB WICK TEMPERATURE 
DAMPER ] REGULATOR 


REFRIGERATION 


CIRCULATING SYSTEM 


FAN AIR 
RE-HEATERS 


OUTLET AIR | WET-BULB 
ELIMINATOR | HEATER 
ONE OF S$ ONE OF 3 
CONTRUL SWITCHES PILOT LIGHTS 


AUTOMATIC 
WATER LEVEL 
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Fig. 1.—Interior of climatizer unit. 


The apparatus maintained conditions of temperature which were accurate 
within a plus or minus 0.25° F. Since the humidities concerned were obtained 
by temperature ranges between dry and wet bulb temperatures, they were con- 
trolled to a comparable degree. The manufacturer’s claims were checked by 
means of an Auschutz calibrated thermometer and were found to be correct. 


Wet and dry bulb thermometers situated within the work chamber were 
connected to an externally located, electrically operated thermograph which 
accurately recorded conditions inside the chamber for each twenty-four hour 
period. This method of recording temperature permitted observation of condi- 
tions inside the chamber at all times without opening the doors and in addi- 
tion it supplied permanent daily records for future reference. Relative humidi- 
ties were read from a psychrometric chart supplied with the recording appa- 
ratus. 
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VELOCITY OF DEVELOPMENT 


According to Belchradek (1935: 8) the earliest attempt at a mathematical 
treatment of the relation between temperature and the rate of biological 
processes was made by the French botanist Reaumur about two hundred years 
ago. Reaumur observed that the moment of ripening of fruits depends on the 
sum of average daily temperatures during the vegetative period. This idea of 
temperature summation was developed further by Boussingault (1844) * and 
Burckhardt (1860) * who used the equation yt = K, where y 1s the time, t is 
the temperature, and K a constant, to express time-temperature relationships. 
This is an erroneous concept since the rate of development bears a fixed rela- 
tionship to temperature for only a part of the entire temperature range at 
which development may occur. 


If one considers the threshold of development (alpha) and sums tempera- 
ture from that point rather than zero, the relationship betwecn the rate of 
development and temperature can be expressed mathematically by the equa- 
tion, y(t-a) — K. Shelford (1927), in his work on the codling moth, used 
this general procedure Lut extended the time-temperature-developemnt concept 
to include the developmental unit which he defined as “the difference between 
the amount of development taking place in one hour at a given degree of 
mean medial temperature and the amount of development taking place in one 
hour at a temperature one degree higher. . . . 


The method of Von Oettingen (Shelford 1927) was used in calculating 
alpha. In general this procedure involves a) plotting the reciprocal of time 
against the temperature used; b) extending the straight line portion of the 
curve until it cuts the abscissa; c) selecting three or more trial alphas, that is, 
temperatures near the intersection of the curve extension on the abscissa; d) 
subtracting each of these values from each of the temperatures used and mul- 
tiplying each remainder by the time involved for each temperature. The cor- 
rect alpha is characterized by the presence of the most constant product (de- 
velopmental total) for several sets of figures. 


It wili be observed that the number of degrees above alpha multiplied by 
the time cquals the developmental total (total number of units required for 
development). Knowing the developmental total one can calculate the aum- 
ber of deveiopmental units accomplished in one hour at any given tempera- 
ture simply by dividing the total by the time involved. Observation of these 
data shows that along the straight line portion of the curve, the number of 
degrees above alpha equals the number of developmental units completed in 

1 
one hour. 


The straight line portion of the curve reveals a proportional relationship 
between development and temperature, but at the upper and lower limits of 
the curve no such relationship exists. The expression of the rate of develop- 
ment as developmental units per hour per degrce of temperature is, therefore, 


* Quoted by Belehradek (1935). 
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the only real and accurate method of expressing the rate of development at 
temperatures outside the straight line portion of the curve. If the velocity 
curve is properly constructed from accurate data it is possible to predict the 
time required to complete any particular stage of development at any tem- 
perature within the range at which development can occur. 


Graphing the velocity curve requires only the plotting of the number of 
developmental units accomplished in one hour against th: temperatures used 
and the result is a velocity curve for the species involved. 


Ecc PropUCTION EXPERIMENTS 


Living specimens of female Ascaris lumbricoides var. suum used in egg- 
production experiments were kept in finger bowls containing 100 cc of Kron- 
ecker’s solution. These containers were placed in the work chamber and kept 
at different constant temperatures (Table 4) during the course of the work. 


Solutions in which the worms were kept were removed daily, diluted to 
500 cc with tapwater in a graduate cylinder, and thoroughly agitated in order 
to distribute the ova equally throughout the container. Ova counts were made 
by taking ten 0.1 cc samples of the solution, placing them in depression slides 
and counting the ova by means of a wide-field binocular microscope. Multiply- 
ing by the dilution factor gave the approximate number of ova in the solution. 


EFFECTS OF CHEMICAL AGENTS 


Ova used in this series of experiments were stripped from the terminal 
inch of the uteri of the female ascarids directly into stender dishes containing 
various concentrations of the agent to be tested. Ova exposed to concentrated 
ammonium hydroxide were smeared on glass slides and exposed to the fumes 
of this compound in a closed vessel; ova exposed to D.D.T. were smeared on 
glass slides and dusted with an excess of that substance. All experiments were 
performed at a constant temperature of 31.1° C. and 100% relative humidity 
which were observed to furnish optimum developmental conditions in this 
work (Tables 5, 6, 7). 


Effects of Temperature 
GENERAL DISCUSSION 


In order to obtain a more complete knowledge of the effects of tempera- 
ture on the ova of Ascaris lumbricoides var.suum, a series of experiments were 
performed in which ova were exposed to temperatures ranging from 8.89° C. 
to 37.8°C. (48°-100° F.). These temperatures were chosen because they 
were within the minimum and maximum range reported for the development 
of ova of the swine ascarid by Zawadowsky and Sedorov (1931). 


Since one purpose of this investigation was to make a detailed study of 
thermal effects on ova of the swine ascarid it was necessary to 1) determine 
as accurately as possible the exact maximum temperature above which the ova 
could not complete development, 2) determine the minimum temperature 
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below which development would be completely inhibited, and 3) record rates 
of development at a series of temperatures situated between these two limits. 
With this in mind, temperature intervals of approximately 1.1° C. (2° F.) 
were chosen near the upper and lower limits of the range, while within the 
median part of the range, ova were exposed to temperature intervals varying 
from 2.2° C. to 3.4°C. (4° F. to 6° F.). 

Ova were prepared as described above and exposed to a series of constant 
temperature and 100°¢ relative humidity, The results are recorded in Table 1. 


TaBLE 1.—Time required for development at various constant 
temperatures, of Ascaris lumbricoides var. suum ova. 


Temperature °C. Time in hours Stage of development 

37.8 192 ova dead 

3/2 192 2 to 4 cell 

36.7 336 16 cell 

35.6 480 morula 

34.4 316 10% motile embryo 
32.2 210 motile embryo* 
31.1 200 motile embryo 
30.0 213 motile embryo 
27.8 233 motile embryo 
24.4 311 motile embryo 
21.1 460 motile embryo 
18.9 655 motile embryo 
16.7 888 motile embryo 
15.6 504 1% in 2 cell stage 
HA 380 no cleavage 

8.89 504 no cleavage 


* At least 50% in motile embryo stage. 


VELocITY OF DEVELOPMENT 


Interpretation of the data collected in this work followed the general pro- 
cedure as previously outlined (See Materials and Methods). 


A graph was prepared (Fig. 2) by plotting the reciprocals of time (X 
1000) against the temperatures. The straight line portion of the curve was 
extended to intersect the abscissa, which in this case was near 14°C. A series 
of temperatures (trial alphas) were chosen near the point of intersection, each 
was subtracted from the experimental temperatures, and the remainder was 
then multiplied by the time involved for each experiment. The results are 
shown in Table 2. 

The trial alpha 14.5°C. gave a series of figures showing the least ano wnt 
of variation and is the figure utilized in this problem (Table 2, column 4). 
The average deviation in the time-temperature product was approximately 23 
units so the developmental total was arbitrarily established at 3070 units plus 
or minus 23. This figure represents the number of developmental units 
required for completion of development from the unsegmented egg to the 
motile-embryo stage in Ascaria lumbricoides var. suum. 
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TEMPERATURE °C, 


Fig. 2.—Reciprocals of time plotted against the temperature. The broken line is an 
extension of the straight line portion of the curve and is used in the selection of trial 


alphas. 


TaBLe 2.—Showing time required for development at various temperatures, 
of Ascaris lumbricoides var. suum ova. 


Rec. of Dev. 
Temp. Time in time X Dev. units 
K hours 1000 14.5 14.6° 14.7 total per hour 

16.7 888 1.12 1953 1864 1776 3070 3.45 

18.9 655 hoo 2882 2817 2751 3070 4.69 
21.1 460 cay 3036 2990 2944 3070 6.7 
24.4 311 3.21 3078 3047 3016 3070 9.8 
27.8 233 4.29 3098 3075 3052 3070 13.1 
30.0 213 4.69 3291 3280 3258 3070 14.4 

= | 200 5.0 3320 3300 3280 3070 15.35 
32.2 210 4.76 3717 3696 3675 3070 14.6 
34.4 316 3.16 6288 6256 6225 3070 9.7 


The number of developmental units occurring in one hour are calculated 
by dividing the developmental total (3070) by the tume required for comple- 
tion of development at a given temperature. For example, at 18.9°C., 655 
hours wete required to complete development. This figure (655) divided into 
the developmental total (3070) gives 4.69 which is the number of develop- 
mental units occurring in one hour at this temperature. 

The velocity curve for the development of the ova of Asacris lumbricoides 
var. suum was constructed by plotting the developmental units on the ordinate 
and the temperatures on the abscissa (Fig. 3). 


OpTIMUM TEMPERATURE AND DEVELOPMENT 


Optimum temperature is defined here as the degree of temperature at which 
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the Ascaris ova will develop to the motile-embryo stage in the sho.vest period 
of time. 

A review of the literature furnished the following information relative to 
optimum temperatures and development of several species of parasitic nema- 
tode ova. 
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Fig. 3.—Number of developmental units per hour plotted against temperature 
(= velocity curve for Ascaris lumbricoides var. suum. ova). 
Parasite Temperature © C Authority 

Toxacara canis 30 Onorato (1932) 
Trichuris vulpis 30 Onorato (1932) 
Capillaria hepatica 30 Luttermoser (1938) 
Ascaris lumbricoides var. suum 33 Martin (1913) 
Ascaris vitulorum 33 Martin (1913) 
Ascaris lumbricoides var. suum 33 Ransom and Foster (1920) 
Ascaridata lineata 33 Ackert (1931) 
Enterobius vermicularis 37 Philpot (1924) 
Oxyurts tetraptera 37 Philpot (1924) 


Observation in the present work indicates the optimum temperature for 
embryonation of Asacris lumbricoides var. suum ova to be 31.3°C. (88°F.) 
(Table 1). This figure approximates that given above by Martin (i913) 
and Ransom and Foster (1920). The difference may be attributed to either 
the lack of accurate constant temperature apparatus utilized by these workers 
or the possible physiological variation in the parasite. 


Low TEMPERATURES AND DEVELOPMENT 


Little work has been reported concerning the effects of low temperatures 
on the ova of the swine ascarid. Martin (1913), Cram (1924), and Zawa- 
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dowsky and Secorov (1931) recorded obscrvations of low-temperature effects 
on the ova of this species but none of these investigators studied the rates of 
development of ova exposed to a series of accurately controlled low tempera- 
tures. 

Martin (1913) reported simply that ova of the swine ascarid would not 
develop at 10° C. or below. Cram (1924) in reporting on the resistance of 
pig-ascarid ova to low temperatures, observed that such ova remained viable 
for as long as forty days when exposed to temperatures ranging from -2 to 
-16° F. Zadowski and Sedorov (1931) stated that the minimum tempera- 
ture which permitted development of swine-ascarid ova ranged from 6° C. to 
8° C. (42.8° F. to 46.4° F.). These figures do not agree with data recorded 
in the present work (Table 1). Development to the motile embryo stage, 
observed in the present work, occurred in 37 days at 16.7°C. (62° F.) and 
is considered minimum in this case. 

In low-temperature experiments, ova were carefully checked daily for 
apparent development. After exposure for 504 hours (21 days) the experi- 
ments were terminated if no cleavage had occurred. At the completion of each 
experiment the cultures of ova were divided into two equal portions. One of 
these was retained in the work chamber in which the temperature had been 
raised to a new experimental level, while the other portion was removed to 
room temperature to check viability. In each case the ova remained viable 
throughout the low temperature work. Ova kept in the work chamber for a 
maximum of two months with the temperature raised at intervals from 8.89° 
to 15.6° C., though viable, showed no development. 

That low temperatures inhibit development of advanced embryonic stages 
as well as those during cleavage is shown by the fact that ova cultured to the 
morula stage at room temperature develop no further when exposed to 11.1°C. 
(52°F.) for a period of ten days. On the eleventh day the ova were removed 
to room temperature and development to the motile embryo was accomplished 
in a period of nine days. 

It is difficult to justify the report of Zawadowsky and Sedorov (1931) re- 
garding development of ova of the swine ascarid at low temperatures. Data 
presented in this investigation (Table 1) show that cleavage and subsequent 
development do not occcur at the temperatures reported by these authors 
(6°-8°C). In addition it is a common practice to store ova in a refrigerator 
at temperatures ranging from 7 or 8°C upward during which time they re- 
main viable but uncleaved. 


HiIGH TEMPERATURES AND DEVELOPMENT 


The fact that all physiological processes are inhibited by temperatures 
above their optima indicates that a similar inhibition would be found in de- 
veloping ova expoosed to high temperatures. Such observations have been pre- 
viously reported for the ova of nematode parasites by several authors, Ono- 
rato (1932), Spindler (1929), Zawadowsky and Sedorov (1931), and Mar- 
tin (1913). 

Investigation of maximum temperature ranges was planned in an attempt 
a) to clarify conflicting reports in the literature, to determine b) the mini- 
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mum lethal temperature, c) the effect of high temperatures on cleavage and 
subsequent development, and d) the precise maximum temperature at which 
the ova of the swine ascarid are able to embryonate. 


Literature reports vary greatly with regard to the effects of high tempera- 
tures on the ova of Ascaris lumbricoides var. suum. Martin (1913) observed 
that ova cultured in a “weak acid” solution at 38°C. not only failed to com- 
plete development but only a small percentage developed to the two-cell stage. 
Martin observed further that ova of the swine ascarid retained their ability to 
develop after an eight-day period of exposure at 38°C. but beyond that time 
they degenerated and died. Zawadowsky and Sedorov (1931) merely reported 
that the maximum temperature for development of the ova of the swine ascarid 
was 36°-38°C. and since they included no description of their experiments it 
is not known whether they meant complete or only partial development. 


Results in the present work (Table 1) show that exposure of ova at 
37.8°C. for 8 days is lethal but that exposure at 37.2°C. (O.6°C. less than 
37.8°C.) permits development to the two- and four-cell stages in 8 days. Upon 
removal of the ova exposed at 37.2°C. to room temperature, approximately 
2 per cent embryonated in an additional 11 days but the embryos of these 
were very sluggish and all died within two to three days. 

The effects of upper-range temperatures on cleavage and subsequent de- 
velopment are illustrated by observations on a series of ova cultures exposed 
at 34.4, 35.6, and 36.7°C. In each case initial cleavage to the two-cell stage 
was not greatly impeded whereas later stages were definitely inhibited. For 
example, ova exposed at 36.7°C. developed to the two-cell stage in 43 hours 
but the four-cell stage was delayed until the 96th hour of incubation and the 
sixteen-cell stage was not reached until the 240th hour.* This “heat-limiting” 
effect on development is actually lethal if the exposure period is of sufficient 
duration. Batches of ova exposed at 36.7°C. developed to the morula stage 
in 240 hours but exposure for an additional 96 hours (total 336 hours) 
resulted in no further development. The cultures were then removed to room 
temperature for a period of 144 hours (6 days) and were discarded as dead 


since daily observations revealed no further development. 


Similar thermal effects were observed in cultures of ova exposed at 35.6°C. 
Development progressed to the morula stage in 480 hours and since continued 
exposure for 96 hours stimulated no further development the ova were re- 
moved to room temperature. Daily observations over a period of 120 hours 
(5 days) at the new temperature revealed no development past the morula 
stage so the cultures were discarded as dead. 


The maximum temperature required for development to the motile-embryo 
stage was found to be 34.4°C. At this temperature only a small portion of the 
ova (10%) reached this stage of development. A count of 200 ova gave 
the following results: 1007—motile embryo, 12©¢—vermiform, 3867—incurved 
morula, 40©—morula. There was a definite lag period in the formation of 
the motile embryo from the vermiform stage. This transformation normally 


occurs in about 18 to 24 hours at optimum temperature but in the above 


* At optimum temperature (31.1° C.) development to the two-, four-, and sixteen- 
cell stages occurs in approximately 40, 70, and 110 hours respectively. 
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cultures, 120 hours (5 days) elapsed between the time the first motile embryo 
was observed and a total of 10°7 had completed embryonation. 


Effects of Humidity on the Development of Ascaris 


lumbricoides var. suum Ova 


Little work has been reported concerning the moisture requirements of the 
developing ova of the swine ascarid. Otto (1929) stated that a minimum of 
80% relative humidity is required at 22°C. and so far as the pres2nt author 
can determine this is the only experimental evidence recorded for the minimum 
moisture requirements for the ova of Ascaris lumbricoides var. suum. Brow2 
(1928b) cultured ova of the swine ascarid to the motile-embryo stage and ob- 
served that some of them were killed i1 9 days and all were dead after 37 
days of drying at room temp:ratures. Ransom and Foster (1920) observed 
that swine-ascarid ova placed in an incu>ator at 37°C. until they became 
“extremely dry” were non-viable upon removal to optimum growth conditions. 
These authors state that “in the absence of moistur2, development is inhibited 
and extreme dryness may ultimately destroy the vitality of the ggs”. 

Studies on the effects of humidity on ova of the human Ascaris under field 
conditions were made by Brown (1927a) and Caldwell and Caldwell (1928). 
Brown observed embryonation of these ova in 15 days in sand, loam, clay, 
and humus soils at Penorome, Panama. This same worker observed that 98° 
of the ova in sandy soil exposed to the sun were degenerate in 10 days whereas 
only 11° of those in sandy soil in the shade were degenerate in th> same 
period of time. These results are explained not only on the basis of high cem- 
peratures recorded in areas exposed to the sun, but also by desiccation of the 
ova due to rapid depletion of soil moisture. 

Caldwell and Caldwell (1928) studied development of both human and 
pig ascarids under field as well as experimental conditions and concluded that 
a) other conditions being equal, the type of soil has no appreciable influence 
on development, and b) dessication is the greatest letha! factor to the develop- 
ment of A. lumbricoides ova. 


While these reports are valuable from a public health standpoint, they 
reveal little concerning the actual relationship between development and hu- 
midity. A record of relative humidities can be made readily in the case of 
atmospheric observations but it is very difficult to measure accurately the hu- 
midity of the soil from hour to hour. Atmospheric humidity directly affects 
the moisture content of the soil but the two are not necessarily identical be- 
cause of absorption and retention of moisture by earth particles. One cannot 
er be certain of the exact humidity to which ova might be subjectzd in 
the soil. 


In order to eliminate as many variable factors as possible, preparations 
used in the following humidity experiments consisted of ova smeared directly 
on glass slides and exposed to circulating air of a knowa coastant hunidity 
and temperature. Otto (1929) reported that ova of the pig and human asca- 
tids seldom complete development when placed on glass slides in a moisture- 
saturated chamber at 30°C. but the present author consistently obtained good 
results with this method. 
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Taste 3.—Effect of humidity on development of Ascaris lumbricoides var. suum 


ova at a constant temperature of 31.1° C. 


Relative humidity Time in hours Stage of development 


80% 120 early morula 
85% 120 early morula 
95% 120 early morula 
100% 200 motile embryo 


Daily observation of swine-ascarid ova exposed to relative humidities of 80, 
85, and 95% (Table 3) indicate that the velocity of development of the early 
stages (2 cell to morula) is not visibly affected although the slides appeared 
quite dry. The early morula stage was attained in approximately 120 hours 
which is the same period required for ova in water cultures to reach a similar 
point in development. 

In the case of ova exposed at 80, 85, and 95°% relative humidities and 
31.1°C, development did not proceed beyond the morula stage (Table 3) and 
after the 8th day of exposure half of the slides were placed in finger bowls, 
covered with water, and maintained at 31.1°C. Daily observations over a pe 
riod of one week revealed no further development so the ova were discarded 
as dead. Effects of drying were apparent on the 6th day of expgsure when 
the ova appeared shrunken and distorted. On the 8th day when they~were 
removed to the water culture, the ova were desiccated beyond the point of 
recovery. 

Ova smeared on glass slides and exposed to 100° relative humidity and 
31.1°C. developed to the motile-embryo stage in 200 hours (Table 3). 

Preliminary experiments in which the ova were exposed to a constant 
relative humidity of 95 per cent and temperatures of 26.7 and 28.9°C. re- 
vealed that the motile-embryo stage would be attained under these conditions 
but that the time required for development was approximately 8 per cent 
longer than normal (Table 3a). 


TaBLE 3a.—Showing time required for development of swine-ascarid 
ova at a constant relative humidity of 95 per cent. 


Temperature ° C. Time in hours 


26.7 270 
28.9 261 


Egg Production in Ascaris lumbricoides var. suum 

Accurate daily egg production of parasitic worms in vivo is difficult to 
determine because of the numerous variable factors involved. Stoll (1923) 
compared egg output, as determined by the dilution method, with the number 
of worms obtained from the host after treatment with various drugs, and 
reported that Necator americanus produced approximately 9,000 ova per day. 
Brown and Cort (1927), using a similar method, reported that the human asca- 
rid produced approximately 245,000 ova per day. Those in vivo observations 
provide only the average number of eggs produced per parasite and give no 
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indication of individual variability in egg production which is possible in in 
vitro studies. 

Cram (1925) studied the potential egg-producing capacity of the swine 
ascarid. Using histological techniques this worker prepared longitudinal and 
transverse sections of the utert of this parasite and counted the number of 
cva per unit area. She concluded that the average female ascarid contains ap- 
proximately 27,000,000 ova. 

Brown (1927), after studying fecal samples from four patients infected 
with Ascaris lumbricoides and Trichuris trichiura for periods of 10 to 23 days, 
concluded that: “egg production is a very constant phenomenon”. 

Since living swine ascarids can be retaitied in vitro for periods up to ten 
days during which time they produce large numbers of ova daily, the parasite 
lends itself well to egg production studies. It was felt that an investigation 
of the daily egg production activities of in-vitro specimens would add valuable 
information to the biotics of this species. 

Results in the present work, in part, substantiate previous reports concern- 
ing daily production even though the observations were made under in vitro 
conditions (Table 4). The findings by Brown (1927) relative to constancy 
in egg production are not borne out by data recorded in the present work, but 
it must be emphasized that worms kept in vitro would not necessarily follow 
the same pattern of egg production as those in their natural habitat. 


TaBLE 4.—Daily in vitro Egg Production in Ascaris lumbricoides var. suum. 


Weight in Temp. Daily 
Parasite grams Day Number of ova average 
1 28,200 
l 10 32.2 2 29,300 
3 14,900 
Total 72,430 24,143 
l 427,000 
2 320,000 
3 15,400 
4 5,100 
5 18,800 
2 3.8 6 38,600 
5,100 
8 273,000 
9 9,500 
10 2,700 
Total 1,115,100 111,510 
l 756,000 
3 2 33.3 2 241,000 
3 62,800 


Total 1,069,800 


356,000 
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TABLE 4.—(Continued ). 


1 in 
vine Weight in Temp. 
and Parasite Cc. Day 
of 
ap- i 2 
3 
4 
ted 
ays, 4 3.5 33.3 6 
7 
ten 
site 10 
ion 
ble 
m- l 
2 
5 53 31.1 3 
ncy 4 
but 5 
ow 
1 
2 
6 4.5 31.1 3 
4 
1 
2 
3 
7 4.2 37.8 4 
5 
6 
7 
8 
1 
2 
3 
4 
8 2.1 37.8 5 
6 
7 


Total 


Tot al 


Daily 


Number of ova average 


38,400 
221,000 
43,500 
64,900 
23,800 
11,400 
10,400 
9,200 
3,200 
3,000 
408,800 40,880 
92,900 
241,000 
152,500 
18,600 
4,200 


Total 508,700 
278,000 
512,000 

73,500 
25,800 
3,800 
893,100 178,620 


4,800 
6,000 
29,500 
20,100 
24,200 
97 ,600 
9,500 
1,600 


193,200 


Total 


24,150 


86,000 
22,000 
5,600 
7,200 
19,800 
105,800 
11,900 


258,300 
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Parasite 


10 


Weight in 


grams 


5.2 


4.5 
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TABLE 4.—(Continued ). 


Temp. 


37.2 


36.7 


36.7 


34.4 


Day 


wr awh WN = wh = 


Total 


Toral 


Total 


Total 


Total 


Total 


Total 


Number of 


45,900 
60,400 
10,400 


116,700 


133,500 
100,600 
44,275 


278,375 


650,000 
502,000 
34,000 


1,186,000 


615,000 
689 ,000 
121,000 


1,425,000 


64,200 
85,200 
78,000 
27,600 


255,000 


65,100 
12,109 

4,700 
12,800 


94,700 


28,800 
24,800 
4,600 


58,200 


231,500 
6,600 
5,600 

1,100 


244,800 


Daily 


ova average 


38,900 


92,792 


395,333 


475,000 


63,750 


ZI AT? 
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13 5.0 35.6 
14 3.2 35.6 7 
15 45 
— 19,400 
16 = 34.4 
Total — 61,200 


(2) 
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Table 4 shows that there is no correlation between size of parasite and egg 
production, nor between temperature and egg production, and neither is there 
any constancy in daily egg production. The greatest number of ova collected 
during one 24 hour period was 756,000 produced by worm number 3 (Table 
4). This same parasite produced an estimated 241,000 ova the following day 
but on the third day only 62,800 ova were produced. The smallest number of 
ova collected during a 24 hour period was 1,100 (Table 4). These were pro- 
duced by worm number 16 on the fourth and final day of that particular 
experiment. 


The over-all daily egg production for sixteen worms observed in this study 
was 127,002 ova per day, the minimum daily average was 19,400 while the 
maximum daily average recorded was 457,000 ova per day. 


Four specimens maintained in the laboratory at room temperature (approxi- 
mately 20°C.) for four days produced no ova. 


Effects of Chemical Agents on the Development of 


Ascaris lumbricoides var. suum ova 


A search of the literature revealed several references concerning the re- 
sistance of Ascaris ova to chemical substances. Galli-Valerio (1914) cultured 
ova of the swine ascarid to the motile-embryo stage in different concentrations 
of sulfuric, hydrochloric, nitric, and acetic acids, and in saturated solutions 
ef copper sulfate, and copper acetate. 


The works of Yoshida (1920) and Manalang (1927) record the effects 
of various concentrations* of hydrochloric, nitric, sulfuric, acetic, and carbolic 
acids, formalin, potassium permanganate, ferric sulfate, vinegar (commercial), 
urine, sodium chloride, sucrose, and sodium hydroxide on the ova of the human 
ascarid. 


Cram (1924) reported that ova of the swine ascarid could be destroyed 
by exposing them to a 5 per cent aqueous solution of phenol, or a 3 per cent 
solution of creosol in compound soap. 


Since no report could be found concerning the use of some relatively com- 
mon, and some recently developed, chemical agents, a series of experiments 
were performed in order to test the effects of a group of dmmonium com- 
pounds, D.D.1. powder, and sulfanilamide on the ova of the swine ascarid 


(Tables 5-7). 


The destructive action of ammonium hydroxide fumes on ova of the swine 
ascarid (Tabie 5) is not surprising since von Brand and Simpson (1947) 
reported that larvae of the nematode, Eustrongylides ignotus, are readliy killed 
by the minute quantities of free ammonia produced by bacteria (Bacillus 
subtilis) in a proteose-peptone medium. 


* Concentrations range from 0.5% in case of phenol to 20% in the case of hydro- 
chloric. 
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TaB_® 5.—Action of NH,OH and Ammonium salts on Ascaris lumbricoides var. 


suum ova at a constant temperature of 31.1° C. 


Preparation 


Fumes of concentrated 


NH,OH 
(NH,),SO, 
(NH4)2S0, 
(NH,).SO, 
NH, Cl 
NH, Cl 

15% NH,Cl 

5% NH,NO., 
10% NH,NO., 
15% NH,NO. 


10% 


Effect 


Ova vacuolated and dead on third day 


Motile embryos in 200 hours 


Motile embryos in 200 hours 


Motile 
Motile 
Motile 
Motile 
Motile 
Motile 
Motile 


embryos in 200 hours 
embryos in 200 hours 
embryos in 200 hours 
embryos in 200 hours 
embryos in 200 hours 
embryos in 200 hours 


embryos in 200 hours 


TaBLe 6.—Effects of D.D.T. powder on Ascaris lumbricoides var. suum ova at a 
constant temperature of 31.1° C. and 100% R.H. 


Preparation 


D.D.T. powdered 
directly on slide 
smeared with ova 


Ova mixed in stender 


dish with D.D.T. 


Ova in stender dish 
with 5 grams sand plus 
5 grams D.D.T. 


Motile embryos in 200 hours 


Motile embryos in 200 hours 


Motile embryos in 200 hours 


Tasce 7.—Effects of sulfanilamide on Ascaris lumbricoides var. suum ova at a 
constant temperature of 31.1° C. 


Preparation 
Ova in 1% sulfanilamide 
Ova in 2% sulfanilamide 


Ova in 1% sulfanilamide 
plus 0.5% Na,PO, 

Ova in 0.5% Na.,PO, 

Ova treated with 0.5% 
Na,PO, for 5 min 


utes then placed in 


1% sulfanilamide 


Motile 
Motile 


Motile 


Motile 
Motile 


embryos 
embryos 


embryos 


embryos 


embryos 


Effects 
in 200 hours 
in 200 hours 


in 200 hours 


in 200 hours 


in 200 hours 


Effects 
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The present work is concerned with ova whose membranes are remarkable 
for their impermeability and since the ammonia fumes proved to be destructive 
it was thought that the ammonium ion available in solutions of inorganic salts 
might also exert an effect on the development of eggs of the pig ascarid. Ex- 
amination of data in Table 5 however, proves such an hypothesis to be incor- 
rect; daily observations of the cultures revealed normal development. 


Dichloro-diphenyl-trichloroethane (D.D.T.) is a relatively efficacious insec- 
ticide which is classified as a “contact poison”. Because of the widespread 
use and general availability of this substance a series of cultures of the swine- 
ascarid ova were exposed to the D.D.T. with the hope that it might prove 
to be ovicidal. Results in Table 6 however, prove that D.D.T. powder (du 
Pont; 50% active D.D.T.; 50% inert mater) used full strength and in direct 
contact with swine-ascarid ova exerts no perceptible effect on their development. 


Sulfanilamide, a commonly used bacteriostatic substance, was observed in 
the present work to produce no apparent effect on the development of ova of 
the swine ascarid. In this investigation a series of ova were exposed to 1 and 
2% sulfanilamide, sulfanilamide plus 0.507 Na3PO,, 0.507 and 
one group of ova, after treatment with 0.50% Na;PO, for five minutes was 
placed in 1% sulfanilamide. In each of these cases the ova developed to the 
motile-embryo stage in a normal manner (Table 7). 


Although it is generally accepted that sodium ions enhance the permeabil- 
ity of cell membranes, results of these experiments indicate that 1) the sodium 
ion has no visible effect on the membranes of the swine-ascarid ova and 2) 
the sulfanilamide solutions were either unable to penetrate the egg membranes 
or if they did, no perceptible effect was exerted on the physiological processes 
involved in growth and development of the ova. 


Conclusions 


The threshold of development (alpha) for the pig-ascaris ova is approxi- 
mately 14.5°C. 


The number of developmental units required to complete development 
from the uncleaved egg to the motile-embryo stage is approximately 3070. 


Ova of the swine ascarid will complete development to the motile-embryo 
stage in 200 hours at 31.1°C. which is the optimum temperature observed in 
this investigation. 


At the optimum temperature (31.1°C.) approximately 15.35 develop- 
mental units are accomplished in one hour whereas at the minimum tempera- 
ture of 16.7°C. only 3.45 units occur in a similar period. 


Ova exposed at the minimum temperature require 888 hours to complete 
development to the motile-embryo stage. 


Although the maximum temperature which permits development of swine- 
ascarid ova to the motile-embryo stage is 34.4°C. and required 316 hours for 
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completion, only 10% of the ova exposed at this temperature completed de- 
velopment. 


Exposure of ova at 37.8°C. proved lethal in 8 days. 


Ova smeared on glass slides and exposed to telative humidities of 80, 85, 
and 95% and 31.1°C. developed only to the morula stage and were desiccated 
beyond the point of recovery after 8 days exposure to these conditions. 


Ova smeared on glass slides and exposed to a relative humidity of 95% 
and temperatures of 26.7 and 28.9°C. developed to the motile-embryo stage 
but required 8% more time than controls maintained at 100% relative 
humidity. 

Ova smeared on glass slides and exposed to 100% relative humidity at 
31.1°C. developed at the same rate as those ova in water cultures at the 
same temperature. 


There is no correlation between size of parasite and egg production, nor 
temperature and egg production, and neither is there any constancy in daily 
egg production per individual parasite. 


Daily average egg production (in vitro) is calculated at 128,002 ova per 
day with a minimum daily average of 19,400 and a maximum daily average of 
475,000 ova. 


Development of ova of the swine ascarid is not altered by 50% D.D.T. 
powder, 17 and 2% solutions of sulfanilamide, 5, 10, and 15% solutions of 
ammonium nitrate, ammonium sulfate, and ammonium chloride at a constant 
temperature of 31.1°C. (optimum). 


Ova are killed in at least 3 days by exposure to fumes of concentrated am- 
monium hydroxide. 


Permeability of the egg membranes apparently is not altered by exposure 
to 0.5% solutions of sodium triphosphate. 
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A New Dilepidid Tapeworm and Notes on 


pp. 
Other Tapeworms of Rodents* 
aris 
M. F. Hansen 

ing Department of Ammal Pathology 

University of Kentucky, Lexington 
2 A total of 143 specimens of rodents comprising eight genera and eight 
fol. 


species captured in the vicinity of Lincoln, Nebraska, were examined for tape- 

worms. From these rodents there were collected five genera and seven species 

ive of tapeworms. The data concerning these hosts, incidence of infection and 
species of tapeworms collected are given in table I. 

val 

TABLE I.—Hosts and their cestode parasites in Nebraska. 


Host and Hosts Hosts Infected per host 
Cestode Parasite(s) Examined Infected % Maximum 


Number Number Number 


As. Microtus ochrogaster 52 
ur. (Prairie meadow vole) 
Andrya microti 18 34.6 4 
Choanotaenia nebraskensis 1 1.9 45 (Mature) 
Paranoplocephala infrequens 9 17.3 5 
Synaptomys cooperi gossti 10 No tapeworms found 
(Goss lemming mouse) 
Peromyscus maniculatus 3 
(Deer mouse) 
Hymenolepis sp. ] 33.3 l 
Reithrodontomys megalotis 3 No tapeworms found 
(Harvest mouse ) 
Mus musculus 13 
(House mouse ) 
Oochoristica symmetrica 3 23 10 (Many im- 
mature ) 
Kattus norvegicus 29 
(Brown rat) 
Hymenolepis diminuta 19 65.5 4 
Hymenolepis nana 3 10.3 5 
Geomys bursarius 5 
(Eastern pocket gopher) 
Andrya macrocephala 5 100 12 
Citellus tridecemlineatus 28 
(Thirteen-striped ground squirrel ) 
Hymenolepis diminuta 8 28.6 4 


1 After this paper was accepted for publication, Rausch and Schiller, 1949, (J. 
Parasit. 35(3): 306-311) recorded the following taxonomic change: Andrya macrocephala 
Douthitt, 1915 (Syn. A. microti Hansen, 1947). 


* Studies from the Department of Zoology, University of Nebraska, No. 237. This 
study was made with the aid of a Franklin E. and Orinda M. Johnson Scholarship. 
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METHopDs 


Two useful, if not new, techniques were used in this study of cestodes of 
rodents. It was found that if tapeworms are placed in distilled water at 33° to 
37° C for about half an hour, they become perfectly relaxed and contract very 
little on fixation. No evidence of adverse effects due to exposure to a hypo- 
tonic solution were discernible. Smyth (1947) has experimentally demon- 
strated that tapeworms can survive for a long time in vitro in hypotonic media, 
but that hypertonic media induced rapid tetanic contractions followed by early 
death. Specimens of tapeworms were better relaxed by warm distilled water 
than were specimens in an isotonic solution at 2° to 7° C. 


In the preparation of toto-mounts of tapeworms, one often finds that large 
tapeworms, even after clearing, are too thick to transmit adequate light, with 
the result that internal structures are not clearly discernible. The method 
usually suggested for overcoming this difficulty is to place the specimen to be 
mounted between two slides and tie the ends of the slides with string or rubber 
bands. Not only is it difficult to tie the string around the slides but it is 
almost impossible to obtain the proper amount of pressure on the specimen. 
The following method was found to be a decided improvement over the glass- 
slide technique. After the specimen has been destained, it is carefully placed 
on a glass coverslip and before drying is apparent, the preparation is placed, 
specimen side down, into a Petri dish containing just enough 95% alcohol to 
cover the bottom. On top of the glass coverslip is placed a 6-dram homeo- 
pathic vial containing mercury.* The Petri dish is now filled one fourth full 
with 95° alcohol and covered tu prevent evaporation. After approximately 
a half hour, the weight is removed, the coverslip is inverted, and the specimen 
is carefully removed and dehydrated in 100% alcohol. Delicate specimens, 
regardless of size, should not be placed under pressure at any time during 
dehydration because they usually stick to the coverslip, making their removal 
without injury impossible. 


* The following points are important: the Petri dish should have a perfectly flat 
bottom; too much initial alcohol will disarrange the specimen; and the pressure desired may 
be obtained by the amount of mercury in the homeopathic vial. 
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Hansen: A New DILepipi TAPEWORM 


Family ANOPLOCEPHALIDAE Fuhrmann, 1907 
OocHorISTICA SYMMETRICA (Baylis, 1927) Meggitt and 
Subramanian, 1927 


Syn. Oochoristica ratti Yamaguti and Miyata, 1937. 

Discusston—Of 13 house mice collected in Lincoln, Nebraska, three har- 
bored this tapeworm. Rendtorff (1939) reported collecting a tapeworm from 
the house mouse which resembled the genus Oochoristica. Later (1948) he 
identified it as Oochoristica ratt: Yamaguti and Miyata, 1937, and described 
its life cycle. 

Baylis (1927) described Catenotacnia symmetrica from the black rat in 
India. Meggitt and Subramanian (1927) placed this species in the genus 
Oochoristica on the basis that the uterus did not form the lateral diverticula 
charactetistic of Catenotaenia, but broke down early into parenchymal capsules 
containing a single egg, a condition characteristic of Oochoristica. Yamaguti 
and Miyata (1937) described a tapeworm taken from rats aboard the Taiwan- 
Shanghai liners as Oochoristica ratti. Joyeux and Baer (1945) considered O. 
ratti to be a synonym of O. symmetrica. The specimens of O. symmetrica 
taken from the house mouse in Lincoln, Nebraska, agree morphologically very 
closely with those collected by Yamaguti and Miyata from rats aboard the 
Taiwan-Shanghai liners. The first report of this species in America was by the 
author (Hansen, 1948). 


SCHIZOTAENIA ANOPLOCEPHALOIDES Douthitt, 1915 


Discussion.—Douthitt collected this species of tapeworm from the eastern 
pocket gopher, Geomys breviceps, at Norman, Oklahoma. Through the cour- 
tesy of Mr. R. F. Annereaux, Pathology Laboratory, California State Depart- 
ment of Agriculture, the writer received 14 specimens of a tapeworm collected 
from the western pocket gopher, Thomomys bottae bottae in the region of 
Sacramento, California. All of these specimens proved to be S. anoplocepha- 
loides. This record of S. anoplocephaloides in the western pocket gopher is 
here reported for the first time. This tapeworm was not found in the pocket 
gopher, Geomys bursarius from the vicinity of Lincoln, Nebraska. 


Family Fuhrmann, 1907 
Choanotaenia nebraskensis n. sp. 
Figs. 1-5 

Of 52 prairie meadow voles (Microtus ochrogaster (Wagner) ) examined, 
one was found infected with a new species of Choanotaenia. This vole was 
heavily infected with about 45 tapeworms clumped together in less than one 
inch of the mid-small intestine. Most of the specimens were mature with 
gravid proglottids. A specimen of tapeworm from M. ochrogaster collected 
in Wisconsin by Dr. Robert Rausch and kindly loaned to me is identical with 
those collected from the prairie meadow vole in Nebraska. One specimen of 
a tapeworm collected by Harry E. Hart from the western fox squirrel, Sciurus 
niger rufiventer Geoffroy, captured in Lincoln, Nebraska, is considered to be 
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identical with the species of Choanotaenia collected from the prairie meadow 
vole.2 


Figs. 1-5.—Choanotaenia nebraskensis. 1. Scolex; 2. Hooks; 3. Left half of mature 
proglottid showing male and female genital organs. 4. Mature proglottid dorsal view. 
Dorsal excretory vessels not shown; 5. Egg. 


Figs. 6-7.—Choanotaenia spermophili. 6. Hook; 7. Mature preglottid dorsal view. 


Figs. 8-9—Choanotaenia peromysci. 8. Left half of proglottid showing relation of geni- 
tal ducts to excretory vessels dorsal view; 9. Mature proglottid dorsal view. Dorsal excre- 
tory vessels not shown. 


All drawings were made with aid of a camera lucida. All measurements are in mm. 


Abbreviations: cs, cirrus sac; f, fiber-like structures; dev, dorsal excretory vessel; n, 
nuclei; on, onchosphere; 0, ovary; rp, rostellar pouch; sg, shell gland; sr, seminal recep- 
tacle; t, testes; v, vagina; vd, vas deferens; vey, ventral excretory vessel; yt, vitellarium. 

2 Harwood and Coke, 1949, (Ohio J. Sci. 49(4): 146-148) described Choanotaenia 
cciuricola from the fox squirrel, Sciurus niger. Choanotaenia sciuricola differs from C. 
nebraskensis in possessing fewer and longer hooks, a longer rostellum, and a longer cirrus 
sac. It is very probable that the tapeworm collected from the fox squirrel in Lincoln, 
Nebraska is referable to C. sciuricola. 
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Description —The total length varies from 20.3 mm to 40.6 mm. The 
scolex is 0.294 to 0.397 mm long by 0.265 to 0.368 mm wide (Fig. 1). The 
rather muscular and circular suckers have a maximum diameter of 0.120 to 
0.157 mm. The rostellum measures 0.132 to 0.176 mm long by 0.066 to 
0.088 mm wide and bears a crown of 24 to 25 hooks. The hooks are 0.028 to 
0.031 mm long (Fig. 2). The fusiform rostellar pouch is 0.221 to 0.309 mm 
long by 0.088 to 0.132 mm wide. Within the rostellar pouch are large nuclei 
containing prominent nucleoli. A neck is present, about 0.233 mm long. The 
genital pores are irregularly alternate, opening one quarter of the length of the 
lateral margin from the anterior end of the proglottid. The ventral excretory 
vessels are 0.020 to 0.047 mm wide, while the dorsal vessels are of rather uni- 
form size, about 0.003 mm. Occasionally, the dorsal vessels expand abruptly 
to 0.010 mm in diameter (Fig. 3). The dorsal excretory vessels follow a sinu- 
ous course dorsal and slightly lateral to the ventral excretory vessels. 


There are from 31 to 43 post-ovarian, spherical testes 0.033 to 0.066 mm 
in diameter (Fig. 4). The cirrus sac is 0.067 to 0.117 mm long by 0.020 to 
0.033 mm wide. Surrounding the opening of the cirus sac is a cone of long 
fiber-like structures (Fig. 3). ‘The vas deferens is a much coiled and looped 
tube which passes between the dorsal and ventral excretory vessels. The appar- 
ently unarmed cirrus is looped within the cirrus sac. The bilobed ovary is 
divided into a poral and an aporal lobe by the seminal receptacle. The two 
lobes of the ovary are connected by a portion of the ovary which forms a nar- 
row isthmus. The larger aporal lobe has a maximum diameter of 0.388 mm; 
the smaller poral lobe 0.162 mm in diameter. The vagina lies posterior to the 
citrus sac and passes between the dorsal and ventral excretory vessels. Near its 
median portion the vagina enlarges into a seminal receptacle 0.067 to 0.143 mm 
long by 0.050 to 0.067 mm wide. The vitellarium is a multilobed, somewhat 
crescent-shaped structure 0.107 to 0.150 mm in diameter. A spherical shell 
gland is present. The slightly ovoid eggs are 0.065 to 0.074 mm by 0.056 to 
0.065 mm. The embryophore is 0.052 to 0.055 mm long by 0.042 to 0.045 
mm wide. The hooks of the onchosphere are 0.012 mm long (Fig. 5). 


Comparisons. —Choanotaenia nebraskensis is most closely related to C. sper- 
mophili and C. peromysci. It differs from C. spermophili in possessing smaller 
hooks, a greater number of testes, more ovoid eggs, and a larger aporal lobe 
of the ovary. It differs from C. peromysci in possessing not only a greater 
number of hooks but also smaller hooks, larger eggs, larger ovary, and a greater 
number of testes. 


Hosts: Microtus ochrogaster (Wagner) and Sciuris rufiventer Geoffroy. 


Location: Small intestine. 


Type Specimen: U.S. Nat. Mus. Helm. Collection No. 37077. 


Discussion.—The cone of fiber-like structures which surrounds the opening 
of the cirrus sac and in well expanded proglottids extends outward through 
the genital pore is present in all Choanotaenia species reported from rodents. 
In the original description of C. spermophili and C. peromysci no mention is 
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made of this peculiar structure, but examination of the type and paratypes of 
the latter species reveals this structure to be present around the cirrus sac opcn- 
ing. Skrjabin (1914) describes and figures such a structure in C. fubrmanni 
collected from Cirrus cinereus. The writer has noted its presence in C. infun- 
dibulum from the domestic chicken. This, this peculiar cone-shaped group of 
fibers is apparently not confined to those species of Choanotaenia occurring in 
mammals. The fibers probably guide the cirrus during copulation. 


The determination of the presence of parenchymal egg capsules heretofore 
has been made by studying sections of gravid proglottids. The author was 
able to demonstrate the presence of parenchymal capsules merely by teasing 
apart a gravid progloitid from a living specimen of Choanotaenia nebraskensis 
in physiological saline. A parenchymal membrane enclosed each egg (Fig. 5). 
This method of demonstrating the parenchymal egg capsule was not successful 
when the specimens were fixed. 


Choanotaenia spermophili (McLeod, 1933) n. comb. 


Figs. 6-7 
Syn. Prochoanotaenia spermophili McLeod, 1933. 


Discussion—McLeod (1933) working in the region of Manitoba, Canada, 
found 2.8% of the Citellus tridecemlineatus and 1.9% of the C. richardsoni 
infected with this species of tapeworm. It was not found in any of 28 C. tri- 
decemlineatus examined from the vicinity cS Lincoln, Nebraska. On studying 
the type and paratype of this species of tapeworm kindly loaned by Dr. J. A. 
McLeod, it seemed necessary to modify in part McLeod’s description and 
drawing of the species. He described the ovary as being divided into finger- 
like lobes radially arranged in a semicircle and as located in the anterior half of 
the segment and somewhat antiporal in position. The ovary is divided into 
finger-like lobes but it is definitely a bilobed structure divided into a poral and 
aporal lobe by the vagina and seminal receptacle (Fig. 7). The larger, aporal 
lobe is about 0.309 mm in maximum diameter; the smaller, poral lobe 0.176 
mm. The two lobes are connected by a narrow portion of the ovary, about 
0.027 mm in diameter. There is also present a seminal receptacle 0.067 to 
0.166 mm long by 0.020 to 0.083 mm wide; McLeod does not mention or 
figure this structure. He describes the genital ducts as passing ventral to the 
longitudinal excretory vessels; however, in proglottids where the relationship 
of these structures can be seen clearly, the genital ducts pass between the dorsal 
and ventral excretory vessels which is consistent with the generic diagnosis for 
Choanotaema (Fig. 7). No record was made of the number of rostellar hooks 
in the original description. There are from 23 to 25 hooks (the number of 
hooks was difficult to determine from toto-mounts and no unmounted specimens 
were available). The hooks are 0.034 to 0.037 mm long (Fig. 6). The excre- 
tory vessels were not described in detail. The ventral excretory vessels are 
0.010 to 0.016 mm wide; the dorsal vessels are of very uniform width and about 
0.003 mm in diameter. The dorsal excretory vessels follow a sinuous path with- 
in the boundaries of the ventral vessels and only rarely do they pass bzyon 1 the 
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lateral boundaries of the ventral vessels. The transverse excretory vessels are 
about 0.006 mm in diameter. 


Choanotaenia peromysci (Erickson, 1938) n. comb. 
Figs. 8-9 
Syn. Prochoanotaenia peromysci Erickson, 1938. 


Discussion —Erickson (1938) found four of 21 specimens of Peromyscus 
maniculatus gracilis (Le Conte) collected in Minnesota infected with this 
species of tapeworm. 


Two paratypes of C. peromysci kindly loaned by the National Museum, 
through the courtesy of Dr. E. W. Price, have been examined. Some modifi- 
cations and emendations are necessary to the original description of this species 
of tapeworm. In the original description the genital ducts are described as 
passing ventral to the excretory vessels; however, in several of the proglottids 
where the genital ducts could be seen clearly, they passed between the dorsal 
and ventral excretory vessels (Fig. 8). Erickson does not describe or figure 
the coiled and looped vas deferens, nor does he describe or figure the seminal 
receptacle. The seminal receptacle is 0.117 mm long by 0.023 mm wide and 
is located near the medial portion of the vagina (Fig. 9). 


KEY TO THE SPECIES OF CHOANOTAENIA FROM MAMMALS 


2. armed withs tham 21 3 
watts 6 40 16 C. crassiscolex 
5. Guard of hook curves backward forming with blade a U-shaped outline ....C. filamentosa 
Guard of hook almost at right angles to the blade ~.............2...2.2-2---2----0-++ C. nebraskensis 


Family HyMENOLEPIpIDAE Railliet and Henry, 1909 


HyYMENOLEPIS DIMINUTA (Rudolphi, 1819) 


Discusston—McLeod (1933) found in the region of Manitoba, Canada, 
that 14% of the Citellus tridecemlineatus, 9.0% of the C. franklini, and 2.9% 
of the C. richardsoni examined were infected with Weinlandia citelli. Hughes 
(1941) transferred this species to the genus Hymenolepis. 


Of 29 specimens of Citellus tridecemlineatus captured in the vicinity of 
Lincoln, Nebraska, four were infected with Hymenolepis diminuta. 


McLeod (1933) in comparing his species citelli with other hymenolepid 
tapeworms states, “The only Hymenolepid recorded from Citellus sp. to the 
author’s knowledge is Hymenolepis megaloon (Linstow, 1901) which differs 
from the above species in the possession of a conical scolex with shallow bothria 
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and three testes arranged in a posterior row. On these grounds it is consid- 
ered as a hitherto unrecorded species. . . .” Meggitt and Subramanian (1927) 
considered H. megaloon a synonym of H. diminuta. Ransom (1904) states 
that H. megaloon “. . . resembles H. diminuta except in one or two minor 
details, and is a very nearly related species.” The characters used by McLeod 
to separate citell: from megaloon, i.e. the conical scolex with shallow bothria 
and three testes arranged in a posterior row in megaloon, are not adequate. 
The shape of the scolex and depth of the suckers are very unreliable specific 
characters. The arrangement of the testes in the genus Hymenolepis has been 
shown by Meggitt (1927) to be unreliable. On the basis of these findings and 
the reseinblance of H. citelli (McLeod, 1933) to H. megaloon not only mor- 
phologically but also as to genus (Citellus) of host parasitized, H. citelli 
should be considered a synonym of H. dim:nuta. 


SUMMARY 


A total of 143 specimens of rodents comprising eight genera and eight 
species were examined for tapeworms. Of five genera and seven species of 
tapeworms collected, Choanotaenia nebraskensis represents a new species. New 
combinations are: Choanotaenia spermophili, formerly Prochoanotaenia sper- 
mophili McLeod, 1933 and Choanotaenia peromysci, formerly Prochoanotaenia 
peromysc: Erickson, 1938. Oochoristica ratti Yamaguti and Miyata, 1937 is 
considered a synonym of Oochoristica symmetrica (Baylis, 1927); Hymeno- 
lepis citelli McLeod, 1938 a synonym of Hymenolepis diminuta (Rudolphi, 
1819). 
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Rumen Protozoa in Florida Dairy Cattle’ 


Earle M. Uzzell, E. Ruffin Jones, Jr., and R. B. Becker 


University of Florida,2 Gainesville 


Ciliate infusoria were recognized among the microorganisms observed by 
Gruby and Delafond in the rumens of cattle as early as 1843. These workers 
attributed the ability of ruminants to utilize roughage to microorganisms. E. 
Mangold (1929) listed 19 species of protozoa from the bovine stomach, 
among 33 protozoan species obtained from eight different species of ruminants. 
Becker and Talbott (1927) found from 2-16 species in each of 26 cattle 
slaughtered in the Iowa State College abattoir, and reported a total of 33 
species from the rumens of ruminants. Becker and Hsiung (1930) pointed 
out that protozoa enter the host through ingestion of freshly contaminated 
feed or water, and not in cyst form. 


Distribution of species of protozoa in dairy cattle is of interest since some 
of them have economic relationships to the nutritional welfare of the host. 

Twelve male Jersey calves and one Jersey cow from the Florida Agri- 
cultural Experiment Station dairy herd were used in a survey of rumen pro- 
tozoa. These animals were stunned, bled out while hanging head downward, 
and eviscerated. Samples of contents were taken in sterilized containers, from 
the ileum (small intestine), abomasum, omasum, and rumino-reticular cavity 
in order, and with as little exposure to air as possible. The containers were 
sealed, taken to the laboratory, and examined promptly in the order taken. The 
organs of two very young calves were taken intact to the laboratory for 
sampling and examination. Aliquot amounts of samples were fixed in 10 per 
cent formalin, in Schaudinn’s fluid, and in hot Bouin’s fluid. Samples were 
taken with clean pipettes, and examined under cover slips sealed with vaseline 
to avoid exposure to air. The protozoa were identified in the living state in 
fresh samples insofar as possible, using the keys of Becker and Talbott (1927) 
and Kudo (1947). Fixed protozoa were stained with precipitated borax- 
carmine; standard alum hematoxylin and orange G, and standard alum hema- 
toxylin and triosin. They were dehydrated in an alcohol series, cleared in 
xylol, and mounted in balsam. 


Ages of individual animals and the feeds they received prior to slaughter 
ate listed in table 1. 


No protozoa were found in samples from the ileum of any experimental 
animal. Two calves (347-F, 352-F) had been separated from their dams 
prior to nursing. No protozoa were detected in fluids taken directly from 


1 A joint contribution of the departments of Dairy Husbandry and Biology. 
2 Approved for publication by the Director, Florida Agricultural Experiment Station. 
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their digestive tracts in the laboratory. Samples from calves 338-F and 340-F 
(under two months old) showed only Entodinium bursa and Entodinium 
minimum present. Calf 341-F. (80 days old) harbored 10 species of protozoa. 
These three animals had received milk from a nipple pail in addition to free- 
will consumption of prairie hay and mixed concentrates. Five male calves be- 
tween 80 and 193 days of age, which had received concentrates and prairie 
hay as feed, were hosts to 5-12 species of protozoa. 


Hay was withdrawn from the daily feed of calves 316-F and 319-F and 
replaced with fresh grapefruit pulp (peel, rag, and seed) for 10 and 11 days 
respectively, prior to slaughter. Some grass blades were present in the rumen 
contents of calf 319-F, even though prairie hay had been replaced by fresh 
grapefruit pulp for the 11-day period. Four species of Entodinium were present 
in the stomach of 319-F. Calf 316-F was host to three species of Entodinium, 
two of Diplodinium, and one of Isotricha. 


The 414 year old Jersey cow (58-F) harbored 11 species. She had been 
taken from grass pasture five days prior to slaughter, and fed on prairie hay, 
corn silage, and mixed concentrates. This was the same number of species 
found in samples taken from the stomach of the 168-day old calf (322-F) 
which had received hay and concentrates. 


It is of interest to note that the rumen sample from 341-F, which had 
received milk, concentrates, and hay, contained living Entodinium bursa with 
definite green inclusions in their bodies. This calf had obtained some grass 
shortly before its slaughter.. 


Presence of living protozoa in the abomasal samples from 315-F and 
322-F may have been caused by pressure while they were suspended to bleed. 
These animals showed rapid gas accumulation and sufficient pressure to force 
some rumen liquid out through the esophagus. It is believed, therefore, that 
the living protozoa found in the abomasal sample were an artifact caused by 
this pressure. 


TABLE 1.—Ages of male Jersey calves and a Jersey cow used in a survey 
of rumen protozoa, and feeds consumed prior to slaughter. 


Age 

Animal — —— Feed Animals Received 
yr. mo. days 

347-F VY 

352-F ] None 
338-F 1 18 Milk, concentrates, and prairie hay 
340-F 1 29 Milk, concentrates, and prairie hay 
341-F 2 10 Milk, concentrates, and prairie hay 
336-F 2 20 Concentrates and prairie hay 
323-F 5 10 Concentrates and prairie hay 
322-F 5 18 Concentrates and prairie hay 
315-F 6 8 Concentrates and prairie hay 
313-F 6 13 Concentrates and prairie hay 
319-F 6 16 Concentrates and fresh grapefruit pulp 
316-F 6 21 Concentrates and fresh grapefruit pulp 
58-F 4 8 26 Concentrates, corn silage, and hay 


by 
ers 
E. 
ich, 
ts. 
le 
33 
ed 
ed 
me 
rr i- 
d, 
ty 
re 
e 
or 
er 
re 
e 
n 


482 THE AMERICAN MIDLAND NATURALIST 43 (2) 


The protozoa observed and the number of times each species was found 
in the 13 Jerseys used, are given in the following list: 


Number of Animals 

Protozoa serving as host 
Callimastix frontalis Braune 
Dasytricha ruminantium Schuberg 
Diplodinium bursa Fiorentini 
Diplodinium dentatum Stein 
Diplodinium denticulatum Fiorentini 
Diplodinium ecaudatum Fiorentini 
Diplodinium hegneri Becker and Talbott 
Diplodinium helseri Becker and Talbott 
Entodinium bicarinatum Cunha 
Entodinium bursa Stein 
Entodinium caudatum Stein 
Entodinium furca Cunha 
Entodinium minimum Schuberg 
Eutrichomastix ruminantium Braune 
Isotricha prostoma Stein 
Isotricha ruminantium Schuberg-Braune 
Ophryoscolex caudatus Eberlein 
Polyplastron multivesiculatum D. et Fedorowa 


WwW 


Ferber (1928) considered Diplodinium dentatum identical with D. denticulatum, and 


Dasytrichia ruminantium identical with Isotricha ruminantium. 


SUMMARY 


No protozoa were found in the stomach or ileum of two male Jersey 
calves slaughtered shortly after birth, and before they had received any nour- 
ishment. 


Two calves which had received milk from a nipple bucket, together with 
other feeds, had Entodinium bursa and Entodinium minimum present, while 
a third had 10 species of rumen protozoa. 


Five calves fed on hay and mixed concentrates, harbored 5 to 12 species 
of protozoa each. 


Replacing hay with fresh citrus pulp for as long as 11 days appeared in- 
sufficient to totally displace grass blades from the rumen contents, or to inhibit 
growth of protozoa. 


A Jersey cow had 12 species of rumen protozoa in the stomach. 


No protozoa were found intact in the ileum of any animal observed. 
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The Arboreal Lichen Flora of Southeastern Arizona 


Robert A. Darrow 
Department of Range and Forestry, 
A & M College of Texas, College Station 


The lichen flora of Arizona is imperfectly known. Fink’s early treatments 
(1909, 1909a) of the lichens of the Desert Laboratory domain (near Tucson) 
constitute the only floristic papers on lichens for the state. The desert species 
treated in these papers and other incidental collections cited in Fink’s flora 
(1935) comprise only a portion of the lichen flora of Arizona. Monographic 
studies such as that of Berry (1941) on Parmelia reflect the lack of systematic 
collecting in the state in the sparsity of specimen citations. 


This paper presents a study of the arboreal lichen flora of southeastern 
Arizona. The area included is bounded on the north by the Gila River and 
on the west by the Baboquivari Mountains; and it includes eastern Pima, east- 
ern Pinal, Graham, Santa Cruz, and Cochise counties. Approximately 600 
collections of corticolous and lignicolous lichens were made over the period 
1943-1947 from all important tree species and large shrubs throughout the 
vegetational regions represented 1n this area. 

Intensive collections were made in the following localities: CocHisE County: Rucker 
Canyon (6,000-6,600 ft.), Chiricahua Mountains; limestone ridge at east end of Mustang 
Mountains (5,000-5,500 ft.); Huachuca Canyon (5,000 ft.), Huachuca Mountains. 
GRAHAM County: Shannon Camp (9,000 ft.), Moonshine Canyon (8,500 ft.), and 
Noon Creek (4,500 ft.), Pinaleno Mountains. Pima County: Mount Lemmon (8,000- 
9,150 ft.), Bear Wallow (7,800 ft.), and Molino Canyon (4,300 ft.), Santa Catalina 
Mountains; Thomas Canyon (5,000-6,800 ft.), Baboquivari Mountains. SANTA Cruz 
County: Mount Wrightson (5,500-9,400 ft.), Santa Rita Mountains; Sycamore Canyon, 
(5,000-6,000 ft.), Patagonia Mountains. 
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VEGETATIONAL REGIONS AND THEIR LICHEN FLORA 


The arboreal lichen flora of southeastern Arizona was found to exhibit 
zonation and floristic distribution correlated principally with the vegetational 
and climatic regions and the distribution of suitable substrates or host trees. 
These relations may be discussed under the treatment of vegetational regions 


which follows. 
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Desert Shrub.—The desert shrub zone occupies the portions of the area at 
elevations below 3,500 to 4,000 feet and it is characterized by a mixture of 
large xerophytic shrubs, small trees, and succulents which varies widely in spe- 
cies composition. Level alluvium-filled basins exhibit a uniform shrubbery of 
creosote bush (Larrea tridentata) *; the principal drainages are lined by velvet 
mesquite (Prosopis juliflora var. velutina), netleaf hackberry (Celtis reticu- 
lata), cottonwood (Populus fremonti), Arizona ash (Fraxinus velutina), and 
Arizona sycamore (Platanus wrighti) ; eroding rocky slopes and gravelly allu- 
vial bajadas are characterized by diverse mixtures of palo verde (Cercidium 
microphyllum), saguaro (Cereus giganteus), desert ironwood (Olneya tesota), 
cat-claw (Acacia greggit), prickly pears and chollas (Opuntia spp.), and a 


host of small shrubs. 


Arboreal lichens in this region are extremely infrequent except along the 
major drainages in mesquite forests such as those along the Santa Cruz and 
San Pedro rivers. The dense shade and high rate of transpiration characteris- 
tic of these riparian forests creates moisture conditions favorable for the devel- 
opment of Xanthoria fallax, Physcia stellaris, and P. ciliata at the bases of 
velvet mesquite and netleaf hackberry trunks. Polyblastiopsis lactea forms 
grey discolorations on the larger limbs and smooth trunks of netleaf hackberry 
and on the smooth bark of velvet mesquite. In other desert shrub communi- 
ties the occurrence of lichens if limited to occasional patches of Xanthoria fal- 
lax and Physcia stellaris on rough-barked trees principally in the palo verde 
cactus association of the upper bajadas and lower rocky slopes. 


Desert Grassland.—A grassland belt varying from scattered bunch grasses in 
mixture with desert shrubs at the lower elevations to nearly pure grassland of 
short-grass or mixed-prairie aspect occupies the level or alluvium-filled basins 
and fringes the lower slopes of the principal mountain ranges at elevations be- 
tween 3,500 to 5,000 or 5,500 feet. The dominant grasses in this zone include 
gramas (Bouteloua spp.), tobosa (Hilaria mutica), cottontop (Trichachne 
californica), three-awn (Aristida spp.), curly mesquite (Hilaria belangeri), 
beardgrass (Andropogon spp.) and others. Velvet mesquite, cat-claw, white 
thorn (Acacia constricta), tar bush (Flourensia cernua), yuccas (Yucca spp.) 
and various kinds of cholla and prickly pear may provide a shrubby matrix at 
the lower altitudes in the grassland belt, especially where the grasses have been 
depleted by overgrazing. Large drainages and canyon bottoms in the grassland 
zone exhibit a riparian flora similar to that in the desert shrub region. On 
rocky slopes in the upper portion the grasses may give way to a cover domi- 
nated by ocotillo (Fouquieria splendens), sotol (Dasylirion wheeieri), agaves 
(Agave schottii, A. palmeri), cliff fendlerbush (Fendlera rupicola), mimosa 
(Mimosa spp.), lippia (Lippia wrightii), and other shrubs and small trees. 

Arboreal lichens are limited in this region by the general restriction of suit- 
able substrates to canyon bottoms and drainages. Riparian associations of 
Arizona sycamore, netleaf hackberry, and Arizona walnut (Juglans rupestris 


* Nomenclature of vascular plants from Kearney & Peebles’ “Flowering Plants and 


Ferns of Arizona,’ U.S.D.A. Misc. Publ. 423, 1942. 
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var. major) have a diverse lichen flora. It consists in part of species characteris- 
tic of oak woodland belt of higher elevations. The latter group includes 
Synechoblastus pycnocarpus, Candelaria concolor, Caloplaca microphyllina, and 
Physcia orbicularis. In the xeric habitats of rocky mountain slopes are found 
Parmelia herreana, Xanthoria fallax, and Physcia stellaris on a number of 
shrubby dominants. 


Oak Woodland and Chaparral—Mountain slopes and adjacent dissected 
alluvial piains at 4,500 to 7,000 feet elevation are dominated by a broad 
sclerophyll woodland or scrub type. In the lower portion of the zone Emory 
oak (Quercus emoryi), Mexican blue oak (Q. oblongifolia), and Arizona 
white oak (Q. arizonica) form an open woodland; at altitudes above 6,000 feet, 
silverleaf oak (Q. hypoleuco:des) is the principal species and it occurs in dense 
stands with scattered individuals of Chihuahua pine (Pinus leiophylla), Mexi- 
can pinon pine (P. cembroides), and alligator juniper (Juniperus pachy- 
phloea). Deciduous trees, including box elder (Acer negundo var. interius) 
and Arizona walnut, fringe the canyon bottoms and streams; New Mexico 
locust (Robinia neomexicana), silk-tassel (Garrya wrightii), and manzanitas 


(Arctostaphylos pungens, A. pringlei) occupy steep rocky slopes. 


Lichens are conspicuous and abundant in the oak woodland region, particu- 
larly in narrow canyons and in the upper portions characterized by silverleaf 
oak. Fifty-two arboreal lichens have been collected from this zone and most of 
these species occur on the principal dominant, silverleaf oak. Conspicuous 
foliose elements on tree trunks and large branches within this woodland region 
include Parmelia borreri, P. caperata, P. darrowi, P. sulcata, P. quercina, and 
Synechoblastus pycnocarpus. Of frequent occurrence on the smooth bark of 
young twigs and branches of most oaks are such cosmopolitan species as Buellia 
disciformis, Physcia stellaris, Caloplaca discolor, Xanthoria fallax, Parmelia 
olivacea, and Lecanora subfusca. Usnea variolosa and sorediifera are often 
abundant on the living branches and smaller trunks of oaks, especially in mesic 
canyon sites. 


PRINCIPAL TREES AND SHRUBS OF THE Oak WOODLAND AND 
CHAPARRAL AND THE NUMBER OF ASSOCIATED LICHENS 


Acer negundo var. interius Pinus leiophylla 
Arbutus arizonica Platanus wrightii ... 
Arctostaphylos pungens ..... Populus fremontii .. 
Celtis reticulata Prunus virens 
Cercocarpus breviflorus Quercus arizonica ... 
var. eximius Q. emoryi 
Cupressus arizonica .... i ae Q. diversicolor 
Fraxinus velutina Q. hypoleucoides 
Garrya wrightii Q. palmeri 
Juglans rupestris Robinia neomexicana .......... 
var. major Sambucus neomexicana 
Juniperus pachyphloea 20 Vauquelinia californica 
Pinus cembroides 


Yellow Pine-Douglas Fir Forest—The extension of the Rocky Mountain 
Montane Forest into southeastern Arizona lies at altitudes of 7,000 to 9,000 
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feet and shows affinity to the Mexican Plateau Flora in its dominant species. 
The characteristic ponderosa pine (Pinus ponderosa) of the Rocky Mountains 
occurs in our area only in the Pinaleno Mountains; elsewhere its place is 
taken by equivalent species of yellow pine, Arizona pine (P. arizonica) and/o- 
Apache pine (P. latifolia). In the upper portion of the region and in mesic 
sites, Mexican white pine (P. strobiformis), white fir (Abies concolor), and 
Douglas fir (Pseudotsuga taxifolia) are the principal dominants. Deciduous 
trees, including dwarf maple (Acer glabrum), bigtooth maple (A. grandiden- 
tatum) and trembling aspen (Populus tremuloides var. aurea) grow mainly on 
mesic north slopes or in canyon bottoms. 

The yellow pine-Douglas fir region as a whole possesses the richest lichen 
flora of any of the regions examined. The mixture of conifers and deciduous 
trees provides a diversity of substrates unequalled in the other vegetational 
regions. This variety of substrates, together with the favorable moisture rela- 
tions, probably account for the fact that 65 of the 86 species of arboreal lichens 
listed occur in this vegetational region. 

In forests dominated by ponderosa or yellow pine, Usnea aculeata, U. ari- 
zonica, U. mutabilis, U. variolosa, Parmelia furfuracea var. macrocarpa, and 
P. caperata are the main colonial lichens and they occur principally on dead 
branches. Large tree trunks are generally devoid of lichens or, in protected 
sites, may bear localized colonies of Usnea arizonica and U. variolosa. On the 
contrary, Mexican white pine, Douglas fir, and white fir have a relatively rich 
lichen flora as indicated in the accompanying list. An abundance of conspicu- 
ous crustose forms such as Ochrolechia pallescens, Lecanora subfusca, and Per- 
tusaria multipunctata occupy the firm, corky-barked trunks of Douglas fir and 
white fir, interspersed with foliose types including Parmeliopsis ambigua, Anap- 
tychia speciosa, Parmelia sulcata, P. quercina, and P. darrowi. Dead branches 
of these firs are characterized by dense colonies of Usnea arizonica, U. aculeata 
and Parmelia furfuracea var. microcarpa. Deciduous trees such as trembling 
aspen, dwarf maple, and bigtooth maple yield Anaptychia comosa, Candelaria 
concolor, Collema verruciforme, Lecanora pallida, Parmelia praesignis, Leptogi- 
um saturninum and Synechoblastus pycnocarpus, all absent from conifer sub- 
strates. The young branches of most tree species of the region are abundantly 
covered by crustose forms such as Rinodina exigua, Lecanora subfusca, and 
Buellia disciformis and small foliose forms including Parmelia olivacea. 


PRINCIPAL TREES AND SHRUBS OF THE YELLOW PINE-DoUGLAsS Fir Forest 
AND THE NuMBER OF ASSOCIATED LICHENS 


Abies concolor P. strobiformis 

Acer glabrum Populus tremuloides 

A. grandidentatum .. var. aurea 

Alnus tenuifolia Pseudotsuga taxifolia ... 
Pinus arizonica Quercus gambelit 

Pinus latifolia 


Spruce Fir Forest.—Limited areas of subalpine spruce-fir forest occur in the 
Chiricahua, Pinaleno, and Santa Catalina mountains at altitudes above 9,000 
feet. In the Santa Catalina Mountains this region is represented by a stand of 
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alpine fir (Abies lasiocarpa) of several acres in extent on the extreme north 
slope of Mount Lemmon; in the Chiricahua Mountains, Engelmann spruce 
(Picea engelmannit) occurs in pure stands; in the Pinaleno Mountains, which 
have a relatively large area above an altitude of 9,000 feet, there are extensive 
stands of these two species in mixture with trembling aspen. 

Examinations of the lichen flora in this vegetational region were limited to 
the lower limits of the zone in the Santa Catalina and Pinaleno mountains 
and revealed a close similarity in the flora to that of the yellow pine-Douglas 
fir zone. On the three tree species mentioned a total of 30 lichen species was 
noted, none of which was restricted to the spruce-fir forest. The scaling bark 
of Engelmann spruce presents an unfavorable habitat for large foliose lichens 
and the trunks of this dominant were generally free of Parmelias. Large 
branches and trunks are early colonized by Usnea arizonica, U. variolosa, U. 
mutabilis, Alectoria jubata, and Ramalina fraxinea. At the bases of the larger 
trunks Parmeliopsis ambigua is very conspicuous and crustose forms such as 
Rinodina exigua, Buellia disciformis, and Pertusaria multipuncta are abundant 
on the trunks of both Engelmann spruce and alpine fir. Parmelia furfuracea 
var. macrocarpa, a conspicuous lichen of dead branches in the montane forest, 
is of limited occurence in the spruce-fir forest. 


PRINCIPAL TREES AND SHRUBS OF THE SPRUCE-FIR FOREST AND 
THE NuMBER OF ASSOCIATED LICHENS 


Abies concolor Populus tremuloides 


Abies lasiocarpa 


Picea engelmannii .......... 


ANNOTATED LIST OF SPECIES 


The following list of species includes specimen citations selected to repre- 
sent geographical range, distribution within vegetational regions, and variability 
or specificity of substrates. Citations are given for each county in which the 
species was collected. Representative substrates are cited by collection numbers 
and the total number of substrate species on which each lichen was collected or 
observed is indicated. Collection numbers represent those of the author only. 


PYREN ULACEAE 
Microthelia micula Koerb.—Infrequent on smooth bark; oak woodland, yellow pine- 
Douglas fir, and spruce-fir zones; 3 substrates. GRAHAM Co.: on Alnus tenuifolia, Pina- 
leno Mtns., 8,500 feet, no. 1849; on Populus tremuloides var. aurea, Pinaleno Mtns., 
9,000 feet, no. 1808. Pima Co.: on Quercus diversicolor, Santa Catalina Mtns., 7,600 
feet, no. 1958. 


Leptorhaphis epidermidis me T. Fries—Common on smooth bark; yellow pine- 
Douglas fir and spruce-fir zones; 2 substrates. GRAHAM Co.: on Populus tremuloides var. 
aurea, Pinaleno Mtns., 9,000 feet, nos. 1803, 1813. Santa Cruz Co.: on twigs, Pinus 
strobiformis, Santa Rita Mtns., 6,600 feet, no. 4050; on Populus tremuloides var. aurea, 
Santa Rita Mtns., 7,900 feet, no. 4031. 

Not previously recorded from Western United States. 

Polyblastiopsis lactea (Mass.) Zahlbr—On smooth bark; desert shrub zone; 2 sub- 
strates. Pima Co.: on Celtis reticulata, 12 mi. s. of Tucson, 2,500 feet, no. 4068; on 
Prosopis juliflora var. veiutina, 12 mi. s. of Tucson, 2,500 feet, no. 4067. 

New record for Western United States. 
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CALICIACEAE 


Chaenotheca chrysocephala (Turn.) T. Fries.—Infrequent on bark and wood; yellow 
pine-Douglas fir zone; 1 substrate. Pima Co.: on Pseudotsuga taxifolia, Santa Catalina 
Mrns., 8,300 feet, no. 4217. SANTA Cruz Co.: on wood, Pseudotsuga taxifolia, Santa 
Rita Mtns., 6,700 feet, no. 1671. 

New record for Western United States. Reported by Fink (1935) from Massachusetts 
and Minnesota. 

CyPHELIACEAE 


Cyphelium tigtllare Ach.—Infrequent on wood; oak woodland and yellow pine-Douglas 
fir zones; 2 substrates. Pima Co.: on dead branches, Juniperus pachyphloea, Baboquivari 
Mrns., 6,500 feet, no. 4468. SANTA Cruz Co.: on dead branches, Pinus strobiformis, 
Santa Rita Mtns., 8,500 feet, no. 4074. 


COLLEMACEAE 
Synechoblastus pycnocarpus (Nyl.) Mull. Arg—Abundant and widely distributed on 


bark other than coniferous; oak woodland and yellow pine-Douglas fir zones; 12 substrates. 
CocuisE Co.: on Platanus wrightii, Chiricahua Mtns., 6,400 feet, no. 1905; on Populus 
fremontii, Huachuca Mtns., 5,000 feet, no. 4190. GraHam Co.: on Juglans rupestris var. 
major, Pinaleno Mtns., 4,500 feet, no. 1609. Pima Co.: on Acer grandidentatum, Santa 
Catalina Mrns., 8,500 feet, no. 1622; on Quercus gambelii, Santa Catalina Mtns., 7,800 
feet, no. 1937. SANTA Cruz Co.: on Quercus arizonica, Santa Rita Mtns., 6,700 feet, 
nos. 1680, 1682; on Q. Aypoleucoides, Santa Rita Mtns., 6,500 feet, no. 1724. 


Collema verruciforme (Ach.) Nyl.—Frequent on bark; oak woodland, yellow pine- 
Douglas fir, and spruce-fir zones; 4 substrates. CocHisE Co.: on Platanus wrightii, Chiri- 
cahua Mrns., 6,400 feet, no. 1907. GraHamM Co.: on Populus tremuloides var. aurea, 
Pinaleno Mtns., 9,000 feet, no. 1802. SANTA Cruz Co.: on Quercus arizonica, Santa 
Rita Mrns., 6,700 feet, no. 1685; on Q. gambeli:, Santa Rita Mtns., 7,900 feet, no. 1696. 

A species of Northeastern United States; previously reported from Western United 
States in Washington only. 


Leptogium chloromelum (Swartz) Nyl.—Infrequent on smooth bark; yellow pine- 
Mouglas fir and spruce-fir zones; 2 substrates. GRAHAM Co.: on Populus tremuloides var. 
aurea, Pinaleno Mtns., 9,000 feet, no. 1805. Santa Cruz Co.: on Quercus hypoleu- 
coides, Santa Rita Mtns., 6,600 feet, no. 4057. 


Leptogium saturninum (Dicks.) Nyl—Common on aspen bark; yellow pine-Douglas 
fir and spruce-fir zones; 1 substrate. GRAHAM Co.: on Populus tremuloides var. aurea, 
Pinaleno Mtns., 9,000 feet, no. 1818. Pima Co.: on Populus tremuloides var. aurea, Santa 
Catalina Mtns., 8,200 feet, no. 4082. 


Leptogium tenuissimum (Dicks.) E. Fries.—Infrequent on bark; oak woodland zone; 1 
substrate. SANTA Cruz Co.: on Arbutus arizonica, Santa Rita Mtns., 7,000 feet, nos. 
1686, 4023. 


Fink (1935) reports this species to occur on soil and old wood; in the area examined 
this species was the only lichen found on living Arbutus trees. 


PELTIGERACEAE 

Nephroma parile Ach.—Infrequent on rough bark; yellow pine-Douglas fir zone; 1 sub- 
strate. GRAHAM Co.: on Pseudotsuga taxifolia at base of trunk, Pinaleno Mtns., 9,000 
feet, no. 1825. 

Peltigera canina (L.) Willd. var. rufescens (Weis.) Mudd.—Rare on bark and wood, 
frequent on soil; oak woodland zone; 2 substrates. SANTA Cruz Co.: on wood, Pinus 
latifolia, Santa Rita Mtns., 6,300 feet, no. 4017; on trunk base, Quercus hypoleucoides, 
Santa Rita Mrns., 6,500 feet, no. 1726. 


LECIDEACEAE 


Lecidea granulosa (Ehrh.) Ach.—Frequent on wood; yellow pine-Douglas fir zone; 2 
substrates. GRAHAM Co.: on dead trunk, Pseudotsuga taxifolia, Pinaleno Mtns., 9,000 
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feet, no. 1823. Pima Co.: on Pseudotsuga taxfolia, Santa Catalina Mtns., 8,200 feet, 
no. 4086. Santa Cruz Co.: on Quercus gambelii Santa Rita Mtns., 7,800 feet, no. 
4028. 


Lecidea scalaris Ach.—Infrequent on bark and wood; oak woodland zone; 2 substrates. 
SANTA Cruz Co.: on burned wood, Pinus arizonica, Santa Rita Mtns., 6,200 feet, nos. 
1675, 1676; on trunk base, Pinus leiophylla, Santa Rita Mrns., 6,100 feet, no. 4022. 


Lecidea viridescens (Schrad.) Ach.—Infrequent on smooth bark; oak woodland zone; 
1 substrate. CocHise Co.: on Prunus virens, Chiricahua Mtns., 5,500 feet, no. 1901. 


Generally distributed in Eastern United States and in California on old wood; reported 
here on bark of living host. 


Catillaria glauconigrans (Tuck.) Hasse—Locally abundant on aspen bark; spruce-fir 
zone; 1 substrate. GRAHAM Co.: on Populus tremuloides var. aurea, Pinaleno Mtns., 9,000 
feet, nos. 1645, 1810, 1812. 

A species of poorly-defined distribution. It has been reported from Massachusetts, on 
Rhus in California, and on Juniperus in Washington. 


Catillaria globulosa (Flk.) T. Fries—Infrequent on aspen bark; yellow pine-Douglas 
fir zone; 1 substrate. Pima Co.: on Populus tremuloides var. aurea, Santa Catalina Mtns., 


8,200 feet, no. 4083. 

The specimen agrees very closely with descriptions of this species. The spores with 
septae are very rare, most are non-septate or with two oil drops. Thes pores are a little 
broader than stated in Fink (1935), up to 5 m thick, slightly curved to reniform in some 
cases. Reactions: K—, KC—, C—, P+ a dirty gray. 

Previously reported from New England states and California on old wood. Reported 
here from bark of living trees. 


CLADONIACEAE 


Cladonia bacillaris (Ach.) Nyl.—Infrequent on bark and wood; yellow pine-Douglas 
fir zone; 1 substrate. GRAHAM Co.: on fallen trunk, Pseudotsuga taxifolia, Pinaleno Mtns., 
9,000 feet, no. 1821. 


Cladonia cariosa (Ach.) Spreng. f. cribosa (Wallr.) Vainio.—Rare on bark, more 
common on soil; yellow pine-Douglas fir zone; 1 substrate. Pima Co.: on Pseudotsuga 
taaifolia, Santa Catalina Mtns., 7,800 feet, no. 4224. 


Cladonia chloropheae (Floerke) Spreng. f. ssemplex (Hoffm.) Arn.—Common on bark 
at trunk base, decayed wood, and soil; oak woodland and yellow pine-Douglas fir zones; 
5 substrates. CocHisE Co.: on Cupressus arizonica, Chiricahua Mtns., 6,500 feet, no. 
1893. GraHaMm Co.: on fallen trunk, Pseudotsuga taxifolia, Pinaleno Mtns., 9,000 feet, 
no. 1820. Pima Co.: on fallen trunk, Pseudotsuga taxifolia, Santa Catalina Mtns., 7,800 
feet, no. “*26. SANTA Cruz Co.: on Quercus hypoleucoides, Santa Rita Mtns., 6,000 
feet, no. 4056. 

Also observed on burned wood of Pinus latifolia and at base of trunks of Pinus lei- 


ophylla in the Santa Rita Mtns. 


Cladonia coniocraea (Floerke) Spreng. f. ceratodes (Floerke) Dalla Torre and Sarnth. 
—Frequent on old wood and occasional on trunk bases of conifers; oak woodland and 
vellow pine-Douglas fir zones; 4 substrates. Pima Co.: on Abies concolor, Santa Catalina 
Mnns., 7,800 feet, no. 4218; on fallen trunk, Pinus strob:formis, Santa Catalina Mtns., 
8.500 feet, no. 1628; on Pseudotsuga taxifolia, Santa Catalina Mtns., 7,800 feet, no. 4222. 
SANTA Cruz Co.: on Pinus arizonica, Santa Rita Mtns., 6,200 feet, no. 4436. 


Cladonia comocrea £. truncata (Floerke) Dalla Torre & Sarnth.—Infrequent in mixture 
with f. ceratodes on decayed wood and bark; yellow pine-Douglas fir zone; 1 substrate. 
Pima Co.: on Pseudotsuga taxifolia, Santa Catalina Mtns., 7,800 feet, no. 4227. 


ig 
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PERTU SARIACEAE 


Pertusaria granulata (Ach.) Mull. Arg—Common on conifer bark; yellow pine-Doug- 
las fir zone; 2 substrates. GRAHAM Co.: on Pseudotsuga taxifolia, Pinaleno Mtns., 9,000 
feet, nos. 1798, 1822, 1828. Pima Co.: on Pinus strobiformis, Santa Catalina Mtns., 
8,500 feet, no. 1631. Santa Cruz Co.: on Pseudotsuga taxifolia, Santa Rita Mtns., 
6,500 feet, 1669, 1670. 

Determination made by A. W. C. T. Herre. A species of the American tropics, not 
previously reported for the United States. 


Pertusaria multipuncta (Turn.) Nyl.—Common on bark, mostly coniferous; yellow 
pine-Douglas fir and spruce-fir zones; 5 substrates. GRAHAM Co.: on Abies concolor, Pina- 
leno Mtns., 9,000 feet, no. 1855; on Picea engelmannii, Pinaleno Mtns., 9,000 feet, no. 
1775; on Pseudotsuga taxifolia, Pinaleno Mtns., 9,000 feet, nos. 1790, 1798, 1827; on 
Salix scouleriana, Pinaleno Mtns., 9,000 feet, no. 1765. Santa Cruz Co.: on Pseudo- 
tsuga taxifolia, Santa Rita Mtns., 6,900 feet, no. 1672. 


Pertusaria wulfenti Lam. & DC.--Frequent on oak bark; oak woodland and yellow 
pine-Douglas fir zones; 2 substrates. SANTA Cruz Co.: on Quercus hypoleucoides, Santa 
Rita Mtns., 6,500 feet, no. 1718; on Quercus gambelu, Santa Rita Mtns., 7,800 feet, no. 
4025. 


This cosmopolitan species has a limited substrate distribution in southeastern Arizona. 


LECANORACEAE 


Lecanora atra (Huds.) Ach.—On dead branches of conifers; oak woodland zone; 2 
substrates. Pima Co.: on Juniperus pachyphloea, Baboquivari Mtns., 6,500 feet, no. 4467; 
on Pinus cembroides, Baboquivari Mtns., 6,500 feet, nos. 4470, 4480. Santa Cruz Co.: 
on Juniperus pachyphloea, Santa Rita Mtns., 7,000 feet, no. 4010. 


Lecanora pallida (Schreb.) Rabh.—On smooth bark of deciduous trees; oak woodland 
and yellow pine-Douglas fir zones; 3 substrates. CocHisE Co.: on Prunus virens, Chiri- 
cahua Mtns., 6,600 feet, no. 1900. GraHaM Co.: on Alnus tenuifolia, Pinaleno Mtns., 
8,500 feet, no. 1247. Pima Co.: on Acer negundo var. interius, Santa Catalina Mtns., 
9,000 feet, no. 1735. 


Lecanora pallida var. cancriformis (Hoffm.) Tuck.—On wood; oak woodland zone; 1 
substrate. Pima Co.: on dead branch, Pinus cembroides, Baboquivari Mtns., 6,500 feet, no. 
4481. 


Lecanora parisensis Nyl—On wood; oak woodland zone: 1 substrate. SANTA Cruz 
Co.: on dead branches, Juniperus pachyphloea, Santa Rita Mtns., 7,100 feet, nos. 1703, 
4417. 

Apparently a species restricted to Southwestern United States; previously reported only 
from New Mexico. 

Lecanora subfusca (L.) Ach.—Frequent on smooth bark; oak woodland, yellow pine- 
Douglas fir, and spruce-fir zones; 14 substrates. GRAHAM Co.: on Alnus tenuifolia, Pina- 
leno Mtns., 8,500 feet, no. 1839. Pima Co.: on Abies concolor, Santa Catalina Mtns., 
7,800 feet, no. 1914; on Acer grandidentatum, Santa Catalina Mtns., 8,500 feet, no. 1626; 
on Quercus hypoleucoides, Santa Catalina Mtns., 7,600 feet, no. 1924. Santa Cruz Co.: 
on dead branches, Juniperus pachyphloea, Santa Rita Mtns., 7,100 feet, no. 1703A: on 
dead branches, Pinus strobiformis, Santa Rita Mtns., 9,200 feet, nos. 1650, 1658, 1660, 
1661; on Pseudotsuga taxifolia, Santa Rosa Mtns., 6,900 feet, 1666A. 


Lecanora subfusca var. argentata Ach.—Infrequent on smooth bark; yellow pine-Doug- 
las fir zone: 1 substrate. Pima Co.: on Acer glabrum trunk, Santa Catalina Mtns., 8,500 
feet, no. 1639. 


Lecanora subfusca var. variolosa Koerb.—Infrequent on bark; oak woodland and yel- 
low pine-Douglas fir zones; 6 substrates. Pima Co.: on Juglans rupestris var. major, Babo- 
quivari Mtns., 6,000 feet, no. 4454; on Pinus cembroides, Baboquivari Mtns., 6,500 feet, 
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no. 4481. Santa Cruz Co.: on Platanus wrightii, Santa Rita Mtns., 5,500 feet, no. 
4061; on Quercus gambelii, Santa Rita Mtns., 7,800 feet, no. 1695. 


Fink (1935) reported this variety from Minnesota only. 


Lecanora symmicta Ach. var. saepincola (Ach.) T. Fries—Common on wood; oak 
woodland zone; 5 substrates. Pima Co.: on wood, Quercus sp., Baboquivari Mtns., 6,500 
feet, no. 4456. Santa Cruz Co.: on burned wood, Pinus arizonica, Santa Rita Mtns., 
6,700 feet, no. 1678; on wood, Pinus latifolia, Santa Rita Mtns., 6,300 feet, no. 4020. 


Lecanora varia (Hoffm.) Ach.—Frequent on bark; oak woodland and yellow pine- 
Douglas fir zones; 5 substrates. Prma Co.: on Populus tremuloides var. aurea, Santa Cata- 
lina Mrns., 8,200 feet, no. 4079; on Quercus diversicolor, Santa Catalina Mtns., 7,400 
feet, no. 1956; on Quercus hypoleucoides, Santa Catalina Mtns., 7,400 feet, no. 1921. 
Santa Cruz Co.: on Pinus strobiformis, Santa Rita Mtns., 9,200 feet, nos. 1650, 4060. 


Ochrolechia pallescens (L.) Mass..—Widely distributed on bark; oak woodland, yellow 
pine-Douglas fir, and spruce-fir zones; 11 substrates. Cocuise Co.: on Quercus hypoleu- 
coides, Huachuca Mtns., 5,600 feet, no. 4216. GRAHAM Co.: on Abies concolor, Pina- 
leno Mtns., 9,000 feet, no. 1860; on Acer glabrum, Pinaleno Mtns., 8,500 feet, no. 1603; 
on Picea engelmannii, Pinaleno Mtns., 9,000 feet, no. 1788. Pima Co.: on Abies lasio- 
carpa, Santa Catalina Mtns., 9,100 feet, no. 1758A. Santa Cruz Co.: on Pseudotsuga 
taxifolia, Santa Rita Mtns., 6,900 feet, no. 1662. 

Candelariella vitellina (Ehrh.) Miull.—Infrequent on bark and wood; oak woodland 
zone; 2 substrates. Pima Co.: on Garrya wrightii, Baboquivari Mtns., 6,200 feet, no. 
4438. Santa Cruz Co.: on Garrya wrightii, Santa Rita Mtns., 5,700 feet, no. +070; on 
dead branches, Juniperus pachyphloea, Santa Rita Mtns., 7,000 feet, nos. 4404, 4429. 

This species is reported to be lignicolous by Fink (1935); it is here reported from both 
wood and living trees. 

PARMELIACEAE 

Candelaria concolor (Dicks.) Arn.—Common on non-coniferous bark; desert grassland, 
oak woodland, and yellow pine-Douglas fir zones; 9 substrates. GRAHAM Co.: on Fraxinus 
velutina, Pinaleno Mtns., 4,500 feet, no. 1612. Pima Co.: on Acer glabrum, Santa Cata- 
lina Mens., 8,500 feet, no. 1634; on Quercus emoryi, Santa Catalina Mtns., 4,300 feet, 
no. 1932; on Vauquelinia californica, Baboquivari Mtns., 6,000 feet, no. 4472. SANTA 
Cruz Co.: on Platanus wrightii, 5 mi. s. Patagonia, 3,900 feet, no. 1967; on Quercus 
gembelii, Santa Rita Mtns., 8,000 feet, no. 4405. 


Parmeliopsis aleurites (Ach.) Nyl—Common on coniferous bark and wood; yellow 
pine-Douglas fir and spruce-fir zones; 4 substrates. GraHAM Co.: on Pseudotsuga taxi- 
folia, Pinaleno Mtns., 9,000 feet, no. 1789. Santa Cruz Co.: on wood, Pinus latifolia, 
Santa Rita Mtns., 6,900 feet, nos. 1709, 4018; on Pinus strobiformis, Santa Rita Mtns., 
© 200 feet, no. 1652. 

New for Western United States. 

Parmeliopsis ambigua (Wulf.) Nyl—Common on coniferous bark at base of trunks; 
yellow pine-Douglas fir and spruce-fir zones; 4 substrates. GRAHAM Co.: on Abies con- 
color, Pinaleno Mtns., 9,000 feet, no. 1772; on Picea engelmannii, Pinaleno Mtns., 9,000 
feet, no. 1783; Pinus strobiformis, Pinaleno Mtns., 9,000 feet, no. 1764; on Pseudotsuga 
taxifolia, Pinaleno Mtns., 9,000 feet, nos. 1783 1794, 1826. 


Parmelia aspidota (Ach.) Poetsch.—Infrequent on rough bark; yellow pine-Douglas 
fir zone; 3 substrates. GRAHAM Co.: on Pseudotsuga taxifolia, Pinaleno Mtns., 9,000 
feet, no. 1799. Pima Co.: on Acer grandidentatum, Santa Catalina Mtns., 8,500 feet, no. 
1621. SANTA Cruz Co.: on Quercus gambelti, Santa Rita Mtns., 7,800 feet, no. 1693. 

Parmelia borreri Turn.—Widely distributed on bark and wood; oak woodland and 
yellow pine-Douglas fir zones; 21 substrates. CocHIsr Co.: on Quercus palmeri, Chiricahua 
Mtns., 6,400 feet, no. 1911. GRAHAM Co.: on Acer glabrum, Pinaleno Mtns., 8,500 
feet, no. 1647; on Garrya wrightii, Pinaleno Mtns., 4,500 feet, no. 1614. Prima Co.: on 
Abies concolor, Santa Catalina Mtns., 7,800 feet, no. 1917. SANTA Cruz Co.: on wood, 
Pinus arizonica, Santa Rita Mtns., 6,900 feet, no. 1677; on Pinus cembroides, Patagonia 
Mins., 5,500 feet, no. 1990; on Quercus emoryi, Patagonia Mtns., 5,500 feet, no. 1985. 
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Parmelia caperata (L.) Ach.—Abundant and widely distributed on bark and rarely on 
wood; oak woodland, yellow pine-Douglas fir, and spruce-fir zones; 22 substrates. CocHISE 
Co.: on Cupressus arizonica, Chiricahua Mtns., 6,600 feet, no. 1892. GRAHAM Co.: on 
A bies concolor, Pinaleno Mtns., 9,000 feet, no. 1854. Pima Co.: on Acer glabrum, Santa 
Catalina Mtns., 8,500 feet, no. 1638; on Quercus gambelii, Santa Catalina Mtns., 7,800 
feet, no. 1942. SANTA Cruz Co.: on Pinus latifolia, Santa Rita Mtns., 6,900 feet, no. 
1708; on Quercus emoryi, Patagonia Mtns., 5,500 feet, no. 1986. 


Parmelia caperata (L.) Ach. var. incorrupta (Moore) Berry.—Infrequent on bark; oak 
woodland zone; 1 substrate. SANTA CRUz Co.: on Prunus virens, Santa Rita Mtns., 5,500 
feet, no. 4064. 

Previously known only from Texas and Arkansas. 


Parmelia conspersa (Ehrh.) Ach.—Infrequent on wood; oak woodland and yellow pine- 
Douglas fir zones; 1 substrate. SANTA Cruz Co.: on wood, Pinus arizonica, Santa Rita 
Mins., 6,700 feet, no. 1673. 


Parmelia darrowi Thomson n. sp. 


Descriptio typi—Thallus foliaceus, laxe adpressus, membranaceus, 5 x 7 cm. latus, 
flavidus, nitidus, rugulosus, sorediis isidiis et ciliis destitutus. Lobi elongati, 5-8 mm. lati, 
sinuato-crenati, margines adscendentes, axillis rotundatis vel angulosis. Subtus_nitidus, 
rugosus, castaneus, ambitu nudus, ceterum disperse et breviter rhizinosus, rhizinis 0.25-0.5 
mm. longis, albus vel castaneus. Thallus supra K-, C-, K(C)-, P-, I-. 


Cortex superior flavofuscescens 25 @ altus, hyphae pachydermaticae, lumina 2-2.5 u 


crassae. Medulla alba, usque 360 yu altus, hyphae 2-4 @ crassae, adspersae. Cortex in- 
ferior 12-16 w altus, flavofuscescens, hyphae pachydermaticae. 


Apothecia sessilis vel breviter pedicellata, non perforata, dispersa, concava, rotunda, 
diam. vel 6 mm. Margo bene incurvus, irregulariter, non crenulatis. Receptaculum thailo 
concolor, rugosum, cortex receptaculi 25-100 uw altus. Gonidia sub excipulo et infra corticem 
receptaculi in strato continuo disposita. Excipulum et hypothecium decoloria, utrumque 
80 uw alt. Hymenium superne fuscens, ceterum decolor, non inspersum, 55-60  altum. 
Paraphyses filiformes, pracipue apicem versus septatae, capitato-incrassatae, indivisae. Asci 
clavati, 50 uw longi et 15 @ crassi, octospori. Sporae biserialiter dispositae, ellipsoideae, 
12-16 x 6.5-9 yw. 


Conceptacula pycnoconidiorum numerosa, in laminem et apicem loborum immersa, 


Fig. 1.—Type specimen of Parr-elia darrowi Thomson. A. Upper surface; 
B. Lower surface. *1. 
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globosa, 60-804 diam. pycnoconidia recta, cylindrica, 6.7 x 0.5-0.75 wu. 

Ad corticem Pinus strobiformis, 8,500’ alt., Mt. Lemmon, Santa Catalina Mtns., 
Arizona, U. S. A., Aug. 23, 1943. Coll. R. A. Darrow, No. 1627. Type in herb. 
Thomson, cotypus in herb. Darrow. 

Thallus foliose, loosely attached to the substrate, membranous, yellow-green, shining 
and wrinkled above. Lacking soredia, isidia and cilia. Lobes broad, rounded, ascending. 
Underside shining, strongly wrinkled, light brown to chestnut colored at the margins, 
lighter centrally, rhizinae short and very sparse. Apothecia sessile to short stalked, up to 
6 mm. in diameter, disk chestnut brown, concave, margin wavy but not crenulate, con- 
colorous with the thallus. Hypothecium hyaline, hymenium brownish above, hyaline below. 
Asci club shaped. Spores two ranked, hyaline, ellipsoid, 12-16 x 6.5-9 u. On bark. 


Type on Pinus strobiformis at 8,500’ alt. Mt. Lemmon, Santa Catalina Mtns., Ari- 
zona, August 23, 1943, collected by Robert A. Darrow, No. 1627. Type in herb. J. W. 
Thomson, Jr., cotype in herb. of R. A. Darrow. Additional collections: Pima Co.: on 
Acer glabrum, Santa Catalina Mtns., 8,200 feet, no. 4088; on Acer grandidentatum, 
Santa Catalina Mtns., 8,200 feet, no. 4093; on Pseudotsuga taxifloia, Santa Catalina 
Mrns., 8,200 feet, no. 4085; on Quercus gambelii, Santa Catalina Mrns., 7,800 feet, no. 
1941. Santa Cruz Co.: on Quercus hypoleucoides, Santa Rita Mtns., 6,300 feet, no. 
1725. The species is named for the collector. 

The new species belongs to the Subflavescentes group of the section Amphigymnia 
Vainio. It is distinguished by the lack of soredia or isidia and the reticulate pitted sur- 
faces as well as by the shining light brown color of the undersurface. It somewhat re- 
sembles P. soredica but lacks the soredia and the underside is reticulate pitted and brown 
whereas the latter is smoother and brown at the margins with the center black below. 
There is a close resemblance to P. erecta of Berry but the ciliae and soredia of that species 
are lacking. 

Parmelia furfuracea (L.) Ach. var. macrocarpa (Nyl.)—Abundant on conifers and 
occasional on non-coniferous trees; 7 substrates. GRAHAM Co.: on Picea engelmannii, 
Pinaleno Mtns., 9,000 feet, nos. 1779, 1784A; on Pseudotsuga taxifolia, Pinaleno Mtns., 
9,000 feet, no. 1791. Pima Co.: on Quercus hypoleucoides, Santa Catalina Mtns., 7,800 
feet, no. 1920. Santa Cruz Co.: on Pinus latifolia, Santa Rita Mrns., 6,900 feet, no. 
1710; on Pinus arizonica, Santa Rita Mtns., 8,600 feet, no. 4350. 

Berry (1941) reports the species, P. furfuracea, from the Rincon Mtns., Pima County 
and Barfoot Park, Chiricahua Mtns., Cochise County. 

Parmelia herreana A. Zahlbr.—Frequent on bark and wood; desert grassland, oak 
woodland, and yellow pine-Douglas fir zones; 12 substrates. CocHisE Co.: on Fendlera 
rupicola, Mustang Mtns., 5,500 feet, no. 1972; on Rhus choriophylla, Mustang Mtns., 
5,500 feet, no. 1975. Pima Co.: on Quercus hypoleucoides, Santa Catalina Mtns., 7,400 
feet, no. 1948. Santa Cruz Co.: on burned wood, Pinus arizonicus, Santa Rita Mtns., 
6,900 feet, no. 1674; on Pinus cembroides, Patagonia Mtns., 5,500 feet, no. 1991. 

Parmelia leucochlora Tuck.—Infrequent on bark; oak woodland and yellow pine- 
Douglas fir zones; 2 substrates. CocHisE Co.: on Cupressus arizonica, Chiricahua Mtns., 
6,600 feet, no. 1891. GraHaM Co.: on Populus tremuloides var. aurea, Pinaleno Mtns., 
9,000 feet, no. 1804. 

A species of Southern United States reported here for the first time west of Texas. 

Parmelia olivacea (L.) Ach.—Abundant on small branches and smooth bark; oak 
woodland, yellow pine-Douglas fir, and spruce-fir zones; 14 substrates. CocHisE Co.: on 
Prunus virens, Chiricahua Mtns., 6,400 feet, no. 1899. GraHam Co.: on Picea engel- 
mannii, Pinaleno Mtns., 9,000 feet, no. 1784; on Populus tremuloides var. aurea, Pina- 
leno Mtns., 9,000 feet, no. 1815. Pima Co.: on Abies lasiocarpa, Santa Catalina Mtns., 
9,100 feet, no. 1752; on Acer negundo var. interius, Santa Catalina Mtns., 9,000 feet, 
no. 1759. SANTA Cruz Co.: on Pinus strobiformis, Santa Rita Mtns., 9,200 feet, no. 
1653; on Pseudotsuga taxifolia, Santa Rita Mtns., 6,900 feet, no. 1665; on Quercus 
emoryi, Patagonia Mtns., 5,500 feet, no. 1987. 

Parmelia physodes (L.) Ach.—Rare on coniferous bark; yellow pine-Douglas fir zone; 
1 substrate. SANTA Cruz Co.: on Pseudotsuga taxifolia, Santa Rita Mtns., 6,900 feet, 
no. 1664. 
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Parmelia praesignis Nyl.—Infrequent on non-coniferous bark; oak woodland and yel- 
low pine-Douglas fir zones; 3 substrates. GRAHAM Co.: on Alnus tenuifolia, Pinaleno 
Mins., 8,500 feet, no. 1830. Prima Co.: on Acer glabrum, Santa Catalina Mtns., 8,500 
feet, no. 1637A. SANTA Cruz Co.: on Quercus hypoleuco:des, Santa Rita Mtns., 6,500 
feet, no. 1727A. 

A southwestern species reported from Arizona and New Mexico by Berry (1941). 


Parmelia prolixa (Ach.) Rohl.—Infrequent on wood; oak woodland zone; 1 substrate. 
Pima Co.: on dead branch, Pinus cembroides, Baboquivari Mtns., 6,500 feet, no. 4500. 


Parmelia quercina (Willd.) Vainio — Widely distrbiuted on bark; oak woodland and 
yellow pine-Douglas fir zones; 15 substrates. GRAHAM Co.: on Pseudotsuga taxifolia, 
Pinaleno Mtns., 9,000 feet, no. 1792; on Salix scouleriana, Pinaleno Mtns., 9,000 feet, 
no. 1765A. Pima Co.: on Abies concolor, Santa Catalina Mtns., 7,800 feet, no. 1918; 
on Quercus gambelii, Santa Catalina Mtns., 7,800 feet, no. 1940. Santa Cruz Co.: 
on Pinus arizonica, Santa Rita Mtns., 8,600 feet, nos. 4351, 4384; on Quercus hypoleu- 
coides, Santa Rita Mtns., 6,500 feet, no. 1728. 

Parmelia sulcata Tayl.—Frequent on coniferous bark, occasional on deciduous trees, 
oak woodland, yellow pine-Douglas fir, and spruce-fir zones; 8 substrates. CocHise Co.: 
on Quercus palmeri, Chiricahua Mtns., 6,500 feet, no. 1912. GraHamM Co.: on Abies 
concolor, Pinaleno Mtns., 9,000 feet, no. 1853; on Picea engelmannii, Pinaleno Mtns., 
9,000 feet, no. 1786. Prima Co.: on Acer glabrum, Santa Catalina Mtns., 8,500 feet, no. 
1637. Santa Cruz Co.: on Pseudotsuga taxifolia, Santa Rita Mtns., 6,900 feet, no. 
1668. 

UsNEACEAE 


Evernia divaricata (L.) Ach.-—Infrequent on coniferous bark; yellow pine-Douglas 
fir and spruce-fir zones; 2 substrates. GRAHAM Co.: on Abies concolor, Pinaleno Mtns., 
9,000 feet, nos. 4343, 4348; on Pseudotsuga taxifolia, Pinaleno Mtns., 9,000 feet, no. 
4339. 

Known only from conifers in the Western United States. 

Alectoria jubata (L.) Ach.—Infrequent on coniferous bark; yellow pine-Douglas fir 
and spruce-fir zones; 2 substrates. GRAHAM Co.: on Picea engelmannii, Pinaleno Mtns., 
9,000 feet, no. 1780. Santa Cruz Co.: on Pseudotsuga taxifolia, Santa Rita Mtns., 
6,900 feet, no. 1667. 

Alectoria nidulifera Norrl.—Infrequent on coniferous bark; spruce-fir zone; 1 substrate. 
GraAHAM Co.: on Picea engelmannii, Pinaleno Mtns., 9,000 feet, no. 4342. 


Ramalina fraxinea (Ach.) S. F. Gray.—Frequent on smooth bark; yellow pine-Doug- 
las fir and spruce-fir zones; 8 substrates. GRAHAM Co.: on Abies concolor, Pinaleno 
Mrns., 9,000 feet, no. 1852; on Picea engelmannit, Pinaleno Mrns., 9,000 feet, no. 1774; 
or. Salix scouleriana, Pinaleno Mtns., 8,800 feet, no. 1766. Pima Co.: on Abies lasio- 
carpa, Santa Catalina Mtns., 9,150 feet, no. 1754; on Acer glabrum, Santa Catalina 
Mtns., 8,500 feet, no. 1633. 

Usnea aculeata Motyka.—Infrequent on conifers; yellow pine-Douglas fir zone; 2 sub- 
strates. Pima Co.: on Pinus strobiformis, Santa Catalina Mtns., 8,000 feet, no. 4508. 
Santa Cruz Co.: on Pinus arizonica, Santa Rita Mtns., 8,500 feet, nos. 4352, 4354, 
4382; on Pinus strobiformis, Santa Rita Mtns., 9,200 feet, no. 1655. 


Previously reported from Texas and Mexico. 


Usnea arizonica Motyka.—Widely distributed on bark; oak woodland, yellow pine- 
Douglas fir, and spruce-fir zones; 7 substrates. GRAHAM Co.: on Abies concolor, Pina- 
leno Mtns., 9,000 feet, nos. 1851, 4347; on Acer glabrum, Pinaleno Mtns., 8,500 feet, 
no. 1602; on Picea engelmannii, Pinaleno Mtns., 9,000 feet, no. 1776; on Salix scouleri- 
ana, Pinaleno Mtns., 9,000 feet, no. 1767. Pima Co.: on Acer glabrum, Santa Catalina 
Mnns., 8,500 feet, no. 1632; on Pinus strobiformis, Santa Catalina Mtns., 8,500 feet, no. 
1629; on Pseudotsuga taxifolia, Santa Catalina Mtns., 8,200 feet, no. 4087A. SANTA 
Cruz Co.: on Quercus hypoleucoides, Santa Rita Mtns., 6,200 feet, no. 4422. 


Known from Arizona, New Mexico, California, and Mexico. 
Usnea erinacea Vainio.—Infrequent on conifers; yellow pine-Douglas fir and spruce- 
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fir zones; 2 substrates. GRAHAM Co.: on Abies concolor, Pinaleno Mtns., 9,000 feet, no. 
1851A. Pima Co.: on Pseudotsuga taxifolia, Santa Catalina Mtns., 8,200 feet, no. 4090. 

A Mexican species not previously reported for the United States. An additional col- 
lection of the species has been made from Pinus edulis in the Sandia Mtns., 6,500 feet 
elevation, near Albuquerque, New Mexico, no. 4514, May 21, 1948. 


Usnea mutabilis Stirton—Frequent on bark; oak woodland, yellow pine-Douglas fir, 
and spruce-fir zones; 8 substrates. GRAHAM Co.: on Alnus tenuifolia, Pinaleno Mtns., 
8.500 feet, no. i834; on Picea engelmannii, Pinaleno Mtns., 9,000 feet, no. 4341; on 
Salix scouleriana, Pinaleno Mtns., 9,000 feet, no. 1767A. Pima Co.: on Acer negundo 
var. interius, Santa Catalina Mtns., 9,000 feet, no. 1756; on Quercus hypoleucoides, 
Santa Catalina Mtns., 6,100 feet, no. 4505. Santa Cruz Co.: on Pinus strobiformis, 
Santa Rita Mtns., 8,000 feet, no. 4075. 


Usnea sorediifera Motyka.—Frequent on bark; oak woodland, yellow pine-Douglas 
fir, and spruce-fir zones; 7 substrates. Cocuise Co.: on Prunus virens, Chiricahua Mtns., 
6,100 feet, no. 1898; on Cupressus arizonica, Chiricahua Mtns., 6,600 feet, no. 1890. 
GRAHAM Co.: on Abies concolor, Pinaleno Mtns., 9,000 feet, no. 4345; on Populus 
tremuloides var. aurea, Pinaleno Mtns., 9,000 feet, no. 1809. Pima Co.: on Pseudo- 
tsuga taxifolia, Santa Catalina Mtns., 8,200 feet, no. 4087A; on Quercus hypoleucoides, 
Santa Catalina Mins., 6,100 feet, no. 4052. Santa Cruz Co.: on Pinus strobiformis, 
Santa Rita Mrns., 9,200 feet, no. 1655A; on Quercus hypoleucoides, Santa Rita Mtns., 
6,200 feet, nos. 4420, 4421. 

Previously recorded from Wyoming, New Mexico, and the Santa Cruz Mountains of 
California. 

Usnea variolosa Motyka.—Widely distributed on bark and rock; oak woodland and 
yellow pine-Douglas fir zones; 7 substrates. GRAHAM Co.: on Pseudotsuga taxifolia, 
Pinaleno Mtns., 9,000 feet, no. 4337. Pima Co.: on Cercocarpus breviflorus var. exi- 
mius, Baboquivari Mtns., 5,300 feet, no. 4449; on Pinus arizon:ca, Santa Catalina Mtns., 
7,800 feet, no. 4076; on Pinus cembroides, Baboquivari Mtns., 6,500 feet, no. 4485; on 
Quercus hypoleucoides, Santa Catalina Mtns., 6,100 feet, nos. 4503, 4507, 4511. SANTA 
Cruz Co.: on Juniperus pachyphloea, Santa Rita Mtns., 7,000 feet, nos. 1704, 4413; on 
Pinus strobiformis, Santa Rita Mtns., 8,600 feet, no. 4045; on Quercus hypoleucordes, 
Santa Rita Mens., 6,300 feet, nos. 4421, 4425. 

Usnea sp.—Infrequent on conifers; yellow pine-Douglas fir and spruce-fir zones, 4 sub- 
strates. GRAHAM Co.: on Abies concolor, Pinaleno Mtns., 9,000 feet, no. 4344; on Picea 
engelmannii, Pinaleno Mtns., 9,000 feet, no. 4340; on Pseudotsuga taxifolia, Pinaleno 
Mrns., 9,000 feet, nos. 4336, 4338. Prima Co.: on Abies concolor, Santa Catalina Mtns., 
8,000 feet, no. 4510; on Acer grandidentatum, Santa Catalina Mtns., 8,000 feet, no. 4094. 

This undescribed species is considered by Dr. C. W. Dodge to be closely related to 
U. deformis Motyka. 

Usnea sp.—Widely distributed on bark; oak woodland and yellow pine-Douglas fir 
vones; 7 substrates. GRAHAM Co.: on Pseudotsuga taxifolia, Pinaleno Mtns., 9,000 feet, 
no. 4336. Pima Co.: on Acer grandidentatum, Santa Catalina Mtns., 8,000 feet, no. 
4095; on Garrya wrightii, Baboquivari Mtns., 6,200 feet, no. 4437; on Pinus cembroides, 
Baboquivari Mtns., 6,500 feet, no. 4485. Santa Cruz Co.: on Pinus arizonica, Santa 
Rita Mtns., 6,200 feet, no. 4419; on Pinus leiophylla, Santa Rita Mtns., 6,300 feet, no. 
437). 

Dr. C. W. Dodge states that this entity is probably a new species in the U. hirta- 
U. variolosa group (Sect. Foveatae). The isidia are coarse, almost very small ramuli, 
but breaking off as isidia. Of the published names in the group it is closest to U. hirta 
var. laevior Motyka of northern Europe, very briefly described. 


CALOPLACACEAE 


Blastenia atrosanguinea (Merrill) Fink.—Infrequent on bark; cesert grassland zone; 
1 substrate. SANTA Cruz Co.: on Prosopis juliflora var. velutina, Nogales, 4,500 feet, 


no. 1961. 
A decided range extension; reported by Fink (1935) from Washington. 


l 
t 
j 
< 
f 
li 
n 


1950 Darrow: LICHEN FLORA OF ARIZONA 497 


Caloplaca arizonica H. Magn.—Infrequent on bark and dead branches; oak woodland 
and yellow pine-Douglas fir zones; 7 substrates. CocHisE Co.: on Prunus sirens, Hua- 
chuca Mtns., 5,000 feet, no. 4195. Pima Co.: on Abies concolor, Santa Catalina Mtns., 
7,800 feet, no. 1919; on Cercocarpus breviflorus var. eximius, Baboquivari Mtns., 6,300 
feet, no. 4447. Santa Cruz Co.: on dead branches, Juniperus pachyphloea, Santa Rita 
Mtns., 7,000 feet, no. 1705; on Quercus emoryi, Patagonia Mtns., 5,500 feet, no. 1988; 
on Quercus hypoleucoides, Santa Rita Mtns., 6,500 feet, no. 1730. 

Caloplaca ferruginea (Huds.) T. Fries—Rare on wood; oak woodland zone; 1 sub- 
strate. SANTA Cruz Co.: on dead branches, Juniperus pachyphloea, Santa Rita Mtns., 
7,100 feet, no. 1702. 


Caloplaca gilva (Hoffm.) Zahlbr.—Infrequent on smooth bark; yellow pine-Douglas 
fir zone; 1 substrate. SaNtA Cruz Co.: on Populus tremuloides var. aurea, Santa Rita 
Mtns., 7,800 feet, no. 4033. 


Caloplaca microphyllina (Tuck.) Hasse—Frequent on bark and wood; desert shrub, 
desert grassland, and oak woodland zones; 10 substrates. CocHisE Co.: on Prunus virens, 
Chiricahua Mtns., 6,600 feet, no. 1897. GraHaM Co.: on Garrya wrighti, Pinaleno 
Mins., 4,500 feet, no. 1613. Pima Co.: on Quercus emoryi, Santa Catalina Mtns., 4,300 
feet, no. 1936. Santa Cruz Co.: on Celtis reticulata, 5 miles south of Patagonia, 3,900 
feet, no. 1964; on Prosopis juliflora var. velutina, Nogales, 4,500 feet, no. 19€0; on Quer: 
cus hypoleucoides, Santa Rita Mtns.. 6,500 feet, no. 1730. 


Caloplaca pyracea (Ach.) T. Fries.—Infrequent on conifers; oak woodland zone; 1 
substrate. Pima Co.: on Juniperus pachyphloea, Baboquivari Mrns., 6,500 feet, no. 4462. 
Previously zeported from northern United States, California, and N-w Mexico on rock 


and old wood. 
TTELOSCHISTACEAE 
Xanthoria fallax (Hepp.) Arn.—Widely distributed on bark and wood; desert shrub, 


desert grassland, oak woodland, and yellow pine-Douglas fir zones; 15 substrates. Co- 
cHISE Co.: on Fendlera rupicola, Mustang Mtns., 5,500 feet, no. 1973; on Populus 
fremontii, Huachuca Mtns., 5,000 feet, no. 4192. Pima Co.: on Acer grandidentatum, 
Santa Catalina Mtns., 8,500 feet, no. 1618; on Celtis reticulata, 12 miles south of Tucson, 
2,500 feet, no. 4069; on Quercus emoryi, Santa Catalina Mtns., 4,300 feet, no. 1931. 
Santa Cruz Co.: on Populus tremuloides var. aurea, Santa Rita Mtns., 7,800 feet, no. 
1711; on Quercus gambelii, Santa Rita Mtns., 8,000 feet, no. 1€90; cn Robinia neo 
mexicana, Santa Rita Mtns., 6,000 feet, no. 1554. 

Xanthoria polycarpa (Ehrh.) Rieber—On smooth bark; desert grassland, oak wood: 
land, and yellow pine-Douglas fir zones; 3 substrates. GRAHAM Co.: on Populus tremu- 
loides var. aurea, Pinaleno Mtns., 9,000 feet, no. 1806. Prima Co.: on Ceanothus greggii, 
Helvetia, 4,500 feet, no. 1881. SANTA Cruz Co.: on Sambucus neomexicana var. ves- 
uta, Santa Rita Mtns., 7,800 feet, nos. 4390A, 4391. 


BUELLIACEAE 


Buellia disciformis (E. Fries) Mudd.—Abundant and widely distributed on bark; oak 
woodland, yellow pine-Douglas fir, and spruce-fir zones; 21 substrates. CocHisE Co.: on 
juniperus pachyphloea, Huachuca Mtns., 5,000 feet, no. 4200. GraHam Co.: on Abies 
concolor, Pinaleno Mtns., 8,800 feet, no. 1861; on Alnus tenuifolia, Pinaleno Mtns., 8,500 
feet, nos. 1836, 1837, 1846; on Picea engelmannii, Pinaleno Mtns., 9,000 feet, no. 1787; 
on Populus tremuloides var. aurea, Pinaleno Mtns., 9,000 feet, no. 1814. Prima Co.: on 
Acer glabrum, Santa Catalina Mtns., 8,500 feet, no. 1641; on Quercus hypoleucoides, 
Santa Catalina Mrns., 7,400 feet, no. 1923. Santa Cruz Co.: on Pseudotsuga taxi- 
folra, Santa Rita Mtns., 6,900 feet, no. 1666. 


Buellia punctata (Hoffm.) Mass.—Frequent on wood and dead branches; desert grass- 
land and oak woodland zones; 3 substrates. Pima Co.: on Pinus cembroides, Baboquivari 
Mtns., 6,500 feet, no. 4483; on Prosopis julifiora var. velutina, Empire Ranch, 10 miles 
north of Sonoita, 4,500 feet, no. 1993. Santa Cruz Co.: on Juniperus pachyphloea, 
Santa Rita Mtns., 7,000 feet, nos. 1707, 4415. 
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Rinodina exigua (Ach.) S. F. Gray.—Widely distributed on bark; and occasional on 
wood; yellow pine-Douglas fir and spruce-fir zones; 8 substrates. CocHisE Co.: on Jum- 
perus pachyphloea, Huachuca Mtns., 9,000 feet, no. 4201. GraHam Co.: on Abies 
concolor, Pinaleno Mtns., 9,000 feet, nos. 1850, 1856; on Acer glabrum, Pinaleno Mtns., 
8,500 feet, no. 1606; on Picea engelmannii, Pinaleno Mtns., 9,000 feet, no. 1778. Pima 
Co.: on Abies lasiocarpa, Santa Catalina Mtns., 9,100 feet, no. 1758B. SANTA Cruz 
Co.: on dead branches, Pinus strobiformis, Santa Rita Mtns., 9,200 feet, no. 1659. 


Rinodina laevigata (Ach.) Malme.—Infrequent on rough bark; oak woodland zone; 1 
substrate. Pima Co.: on Quercus emoryi, Santa Catalina Mtns., 4,300 feet, no. 1935. 


A European species recently reported from Oregon on Fraxinus, from North Carolina 
on Picea, and from New Mexico on old wood. 


Rinodina sophodes (Ach.) Mass.—Infrequent on bark; oak woodland, yellow pine- 
Douglas fir, and spruce-fir zones; 3 substrates. CocHisE Co.: on Prunus virens, Chiri- 
cahua Mrns., 6,100 feet, no. 1902A. GraHAm Co.: on Garrya wrightit, Pinaleno Mtns., 
4,500 feet, no. 1613A. Pima Co.: on Acer negundo var. interius, Santa Catalina Mens., 
9,100 feet, no. 1735A. 

PHYSCIACEAE 

Physcia ciliata (Hoffm.) DR.—Frequent on non-coniferous bark; desert shrub, desert 
grassland, and oak woodland zones; 6 substrates. Prima Co.: on Celtis reticulata, 12 miles 
south of Tucson, 2,500 feet, no. 4069A; on Quercus emoryi, Santa Catalina Mtns., 4,300 
feet, no. 1934. Sanra Cruz Co.: on Platanus wrightii, 5 miles south of Patagonia, 
3,900 feet, no. 1965. 


Physcia orbicularis (Neck.) DR.—Infrequent on non-coniferous bark; desert grassland, 
oak woodland, and yellow pine-Douglas fir zones; 3 substrates. CocHisE Co.: on Popu- 
lus fremonti, Huachuca Mtns., 5,000 feet, no. 4191. Pima Co.: on Prosopis juliflora 
var. velutina, Empire Ranch, 10 miles north of Sonoita, 4,500 feet, nos. 1997, 1998. 
Santa Cruz Co.: on Sambucus neomexicana vat. vestita, Santa Rita Mtns., 7,800 feet, 
no. 4389. 

Listed in Fink (1935) as P. virella (Ach.) Flagey—A new record for Western 
United States. 

Physcia stellaris (L.) Nyl—Abundant and widely distributed on bark and wood; 
desert shrub, desert grassland. oak woodland, yellow pine-Douglas fir and spruce-fir zones; 
23 substrates. CocHisE Co.: on Fendlera rupicola, Mustang Mtns., 5,500 feet, no. 1974; 
on Quercus palmeri, Chiricahua Mtns., 6,600 feet, no. 1888. GraHAM Co.: on Acer 
glabrum, Pinaleno Mtns., 8,500 feet, no. 1646; on Alnus tenuifolia, Pinaleno Mtns., 
8,500 feet, no. 1829. Pima Co.: on Abies lasiocarpa, Santa Catalina Mtns., 9,100 feet, 
no. 1732; on Olneya tesota, Tucson Mtns., 3,000 feet, no. 1553; on Quercus hypoleu- 
coides, Santa Catalina Mtns., 7,800 feet, no. 1922. SANTA Cruz Co.: on Celtis reticu- 
lata, 5 miles south of Patagonia, 4,300 feet, no. 1963; on dead branches, Juniperus 
pachyphloea, Santa Rita Mtns., 7,100 feet, no. 1706; on Robinia neomexicana, Santa 
Rita Mtns., 7,800 feer, no. 1714. 


Anaptychia comosa (Eschw.) Mass.—Infrequent on bark of deciduous trees, yellow 
pine-Douglas fir zone; 2 substrates. Pima Co.: on Acer grandidentatum, Santa Catalina 
Mtns., 8,500 feet, no. 1625A; on Acer glabrum, Santa Catalina Mtns., 8,500 feet, no. 
1636. 

New for Western United States, but reported from Sonora, Mexico. 


Anaptychia hvpoleuca (Muhl.) Mass.—Abundant and widely distributed on bark; 
oak woodland, yellow pine-Douglas fir and spruce-fir zones; 8 substrates. GRAHAM Co.: 
on Picea engelmannii, Pinaleno Mtns., 9,000 feet, nos. 1777, 1785. Pima Co.: on Quer- 
cus diversicolor, Santa Catalina Mtns., 7,800 feet, 1952; on Juniperus pachyphloea, Bbo- 
cuivari Mrns., 6,500 feet, no. 4459. Santa Cruz Co.: on Quercus hypoleucoides, 
Santa Rita Mtns., 6,500 feet, no. 1723. 


Anaptychia speciosa (Wulf.) Mass.—Widely distributed on bark; yellow pine-Douglas 
fir and spruce-fir zones; 9 substrates. GRAHAM Co.: on Abies concolor, Pinaleno Mtns., 
9,000 feet, no. 1859; on Populus tremuloides var. aurea, Pinaleno Mtns., 9,000 feet, no. 
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1807. Pima Co.: on Acer grandidentatum, Santa Catalina Mtns., 8,500 feet, no. 1623; 
on Quercus gambelii, Santa Catalina Mrns., 7,800 feet, no. 1939. 

Crocynia lanuginosa (Ach.).—On trunk bases and dead stumps; oak woodland zone: 
1 substrate. SANTA Cruz Co.: on fallen trunk, Pinus latifolia, Santa Rita Mtns., 6,300 
feet, no. 4021. 


This cosmopolitan species is undoubtedly more abundant than the distribution indi- 


ated, 


ECOLOGICAL AND FLoristTic RELATIONSHIPS 


Substrate S pecificity.—Arboreal lichens are classified into two major groups 
on the basis of substrate: lignicolous and corticolous. 

The liginicolous species in southeastern Arizona occur principally on de- 
corticated branches and fallen trunks in the oak woodland and coniferous 
forest zones and comprise the following group: 


Buellia punctata Cyphelium tigi!lare 

Caloplaca ferruginea Lecanora atra 

Cladonia bacillaris L. parisensis 

C. cariosa f. cribosa L. symmicta var. saepincola 
C. chlorophaea f. simplex Lecidea scalaris 

C. coniocraea f. ceratodes Parmelia conspersa 

C. coniocraea f. truncata Peltigera canina var. rufescens 


Crocynia lanuginosa 


Of this group the following appear to be restricted to coniferous branches 
or wood: 


Caloplaca ferruginea L. parisensis 
Cyphelium tigillare Lecidea scalaris 
Lecanora atra 

The several species of Cladonia are frequent on the fallen trunks of 
conifers. 

Corticolous species also exhibit a marked substrate specificity. Coniferous 
trees in the forest and woodland zones bear species not present on the associ- 
ated deciduous and broad sclerophyll dominants such as: 


Alectoria jubata P. ambigua 

A. nidulifera Pertusaria granulata 
Parmelia physodes Usnea aculeata 
Parmeliopsis aleurites U. erinacea 


Deciduous and broad sclerophyll teees are substrates for the following 
species absent from conifer trees: 


Candelaria concolor Pertusaria wulfenii 

Collema verruciforme Rinodina sophodes 
Lecanora pallida Synechoblastus pycnocarpus 
L. subfusca var. argentata Xanthoria fallax 
Microthelia micula X. polycarpa 


Parmelia praesignis 


A more exacting specificity for substrate was noted in the case of a small 
group of species limited to a single tree substrate. Substrate-lichen pairs of 


this type are included in the following list: 
Arbutus arizonica: Leptogium tenuissimum 
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Popul:s tremuloides var. aurea: Caloplaca gilva, Catillaria glauconigrans, C. globu- 
losa, Leptogium chloromelum, L. saturninum 

Prosopis juliflora var. velutina: Blastenia atrosanguinea 

Prunus virens: Lecidea viridescens, Parmelia caperata var. incorrupta 

Pseudotsuga taxifolia: Chaenotheca chrysocephala, Nephroma parile 


The limited host relationship of these forms in southeastern Arizona is of 
considerable interest in view of the cosmopolitan distribution within the United 
States of some of the species named: e.g., Caloplaca gilva, Lecidea viridescens, 
Leptogium chloromelum, L. tenuissimum, and Nephroma parile. Other cos- 
mopolitan lichens with limited host distribution in southeastern Arizona in- 
clude: Pertusaria wulfenti, on Gambel and silverleaf oaks, and Anaprychia 
comosa, on dwarf and bigtooth maples. 


Wide variation in abundance of corticolous forms among the dominant 
tree hosts is evident, particularly in the oak woodland zone. Conspicuous 
foliose and fruticose forms such as Parmelia, Anaptychia, and Usnea are abun- 
dant »9n the trunks and branches of silverleaf oak in mesic sites but are practi- 
cally absent from the associated species, Arizona white oak. The distinctive 
and abundant communities of Xanthoria fallax and Physcia stellaris on the 
trunks of New Mexico locust enable one to distinguish this small tree readily 
from its associates that bear these lichens in minor quantities. 


Floristic Distribution—The geographic relationships of the arboreal lichen 


flora of the various vegetational zones of southeastern Arizona are shown in 
table 1. 


TaBLe 1.—Geographical relationships of the arboreal lichen flora of southeastern 
Arizona: numbers of species in vegetational zones. 


Posel Number of species in vegetation zones 
Floristic area no. of Desert Desert Oak Yellow pine- Spruce 
species shrub grassland woodland Douglas fir fir 
Cosmopolitan 60 3 7 40 45 29 
Northeastern and 
northern U.S. 6 - - 2 6 1 
Eastern U.S. 3 ] 1 l 1 - 
Southern U.S. 2 - - 2 1 - 
Western U.S. 10 = 2 5 7 3 
Endemic 3 - - Z 3 1 
Total 86 a 10 52 65 35 


Aiboreal lichens of widespread occurrence throughout the eastern decidu- 
ous and northern conifer forests constitute the major element of the flora of 
all vegetational regions, particularly the yellow pine-Douglas fir and spruce-fir 
forests. The continuity of suitable coniferous and deciduous substrates 
through the Cordilleran area and the transitional forest across Canada and 
northern United States has provided a migration route for the major part of 
the Arizona flora. The greater number of species within the coniferous forests 
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of southeastern Arizona is, however, a function not only of suitable migration 
facilities but of the mesic climate favorable to this group of plants. 

It is apparent that the flora of the oak woodland belt is derived in large 
measure from that of the coniferous forests at higher elevations. In this 
respect the lichen flora differs markedly from the arboreal substrates which are 
primarily of Mexican origin. The direct relationship of the woodland and 
coniferous forest lichen floras to those of southern and eastern United States 
is shown by four species: Leptorhaphis epidermidis, Parmelia caperata vat. 
incorrupta, P. leucochlora, and Physcia orbicularis. This affinity gives indirect 
evidence of a former continuity of arboreal vegetation between the southeastern 
forests and the cordilleran woodland and forest belts. 

With one exception the limited flora of the desert shrub region is com- 
prised of cosmopolitan species. Polyblastiopsis lactea, the exception noted, 
was previously known only from Eastern United States. It occurs in the 
desert shrub zone on Celtis, a genus of continuous distribution linking the 
Southwestern Desert area with the formerly known western limits of the lichen 
in Illinois and Tennessee. 

The desert grassland flora is somewhat richer in species than that of the 
desert shrub zone but is similar in origin. Of the 10 lichens found in the 
desert grassland region, 7 are cosmopolitan in distribution; Physica orbicularis 
occurs in Eastern United States; the other species, Parmelia herreana and 
Plastenia atrosanguinea, are from Western United States. 

The number of endemics reported is small in consideration of the paucity 
of information on the lichen flora of the Southwest and of the endemic or 
Mexican origin of much of the arboreal flora of the area studied. One new 
species of Parmelia, P. darrowi, and two undescribed species of Usnea consti- 
tute the endemic entities listed in table 1. Additional species endemic to 
Southwestern United States and adjacent Mexico include: Lecanora parisensis, 
Parmelia praesignis, Usnea aculeata, U. arizonica, and U. erinacea. Many of 
the latter named species occur principally in the yellow pine-Douglas fir region. 

Distributional Records ——A search of available literature shows that the 
following species of lichens are reported from Western United States for the 
first time: 


Chaenotheca chrysocephala Parmeliopsis aleurites 
Leptorhaphis epidermidis Physcia orbicularis 
Lecanora subfusca var. variolosa Polyblastiopsis lactea 


Two additions to the lichen flora of the United States are made: Pertusaria 
granulata and Usnea erinacea. Both of these were previously known from 
Tropical America. 


SUMMARY 


An analysis of the arboreal lichen flora of Southeastern Arizona based 
upon more than 600 collections from 40 trees and shrubs is presented. The 
five major vegetational regions of the area studied include desert shrub, desert 
grassland, oak woodland, yellow pine-Douglas fir forest, and spruce-fir forest. 
The regions are briefly described and the major arboreal lichens of each region 
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discussed. An annotated list of lichens is presented which includes data on geo- 
graphical distribution, substrate, and vegetational region of selected collections. 

A total of 86 lignicolous and corticolous lichens was collected in the area 
studied. The yellow pine-Douglas fic region yielded the maximum number of 
species, 65, many of which occurred also in the oak woodland zone. The 
desert shrub and desert grassland regions were characterized by a poor lichen 
fiora and vegetation. The lichen flora of the entire area consists principally 
of cosmopolitan species which occur throughout the eastern deciduous and 
northern coniferous forest regions of the United States. Species restricted 
to Western United States are second in importance in most of the vegetational 
regions. A pronounced specificity in substrate was observed for many species 
of cosmopolitan occurrence as well as those of more limited geographical 
distribution. 

Two new records for the United States are reported and one new species, 
Parmelia darrowi, is described. 
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Notes and Discussion 


Agassiz's Address at the Opening of Agassiz's Academy 


ALBERT HAZEN WRIGHT AND ANNA ALLEN WRIGHT 
Cornell University, Ithaca, N. Y. 


A year or more ago while looking through countless newspapers (1850-1873) regarding 
Pre-Cornell, Early Cornell and Agassiz, we found the following address of Agassiz, July 
&, 1873. Prof. E. L. Palmer, the discoverer of an additional portrait of Agassiz while at 
Ithaca, reminds us that our mutual student (Homer Jack) independently recorded this 
address in his study of biological stations. 


To those who wish to know more about Penikese Island and the Anderson School of 
Natural History, see the files of the New York Times for 1873-March 27; March 29; 
April 23; July 9; October 30; December 12; December 21; December 22 (Funeral Ser- 
mon). Other papers yield much additional material. 


Recalling Dr. David Starr Jordan’s comment (Autobiography I, p. 111) “But no 
reporter took down his words and no one could call back the charm of his manner or the 
impressiveness of his zeal,” we felt that many would like to see this address. 


Penikese Island, July 8.—About 10 o’clock this morning the little steam-tug Helen 
Augusta left the pier at New-Bedford carrying those who had assembled to attend the 
opening of the Anderson School of Natural History at this little island of Penikese. 
About 75 in all were on board, including Mrs. John Anderson, Wm. Girod, Mr. Ander- 
son’s legal adviser; Alexander Agassiz, son of Prof. Agassiz; Thos. G. Cary, Treasurer of 
the Board of Trustees; Dr. Burt G. Wilder of Cornell University and his wife. Several 
gentlemen from New-Bedford prominent in educational matters and about 40 students, 16 
of them ladies with their friends were also among the number. A pleasant sail of two 
hours across Buzzard’s Bay brought the steamer to Penikese, or rather near it, for a land- 
ing had to be effected in small boats. Prof. Agassiz stood upon the pier and welcomed 
his friends as they landed and led them to Mr. Anderson’s house. Here Mrs. Agassiz 
received and cared for the ladies, while the gentlemen strolled around to see the present 
quarters of the students. The rooms looked new, neat, and inviting, although the window- 
sashes had not arrived. But as Prof. Agassiz afterward told them some hardships must be 
first encountered in the search for knowledge. At 1 o'clock the company gathered in the 
barn near by, which had been fitted with chairs and tables for the occasion. It was all 
open, and the swallows kept flying through during the exercises. When all were seated 
Prof. Agassiz arose and spoke as follows: 


Pror. Acassiz’s ADDRESS 


Ladies and Gentlemen: I feel that you are in a strange position, and mostly strangers 
to one another. I miss, however, one more than I can express. The gentleman to whom 
we owe this opportunity is not among us, and I feel the disappointment of being unable 
to introduce to you his benevolent face. You do not know your teacher and I do not 
know those who are to be my pupils. We have come here almost without a connecting 
bond, but yet we have the desire to do something to advance the cause of education. That 
will draw us more closely together. I think we have the need of help. I know so little of 
your ways and you know so little about mine that I do not feel that I can call on any one 
here to ask a blessing for us. I know I would not have anybody pray for us at this mo- 
ment. I ask you for a moment to pray for yourselves. [Here the speaker bowed his head 
for a few moments, the rest following his example, and then proceeded}: If we are 
strangers to one another now, I trust we shall part friends. There is enough in this realm 
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of nature to excite the sympathies of all those who have them. Although I have had no 
opportunity of telling you what I propose to do, you—I don’t know for what reason— 
have trusted me. I have seen it from your letters asking if you could venture. A new 
direction has to be given to public education. Our object is to study nature, but I hope I 
may lead you in this enterprise so that you will learn to read for yourselves. 

There is one thing about which I am certain—that we don’t begin our task by reading, 
by using any report of others concerning the objects to which we will turn our attention. 
We are, I suppose, all intelligent enough to open our eyes and look upon nature for our- 
selves, and we will try to make nature as it surrounds us its own text book. If I can I 
will try to make you investigators, to teach you to find out what you want to know for 
yourselves, that you may be able to do the same thing in other places where you may have 
no guide. Whenever we study books we are one remove away from the things that we 
would be better acquainted with. Instead of the things themselves, we appropriate the 
report of somebody concerning these things, and if we have appropriated ever so correctly 
the substance of a book, we have yet to return to make a new study of the objects them- 
selves whenever we turn to them. You can hardly realize how strange a student feels who 
has had a good deal of kook knowledge when he undertakes to study the things them- 
selves. He feels as if it was an entirely new world, of which the best description ever 
given gave but a faint and sometimes a very incorrect idea. Now we have very little that 
is new here and you may ask how it is that we can be investigators among things which 
are well known. But nothing is so well known as to leave nothing to be done about it, 
and then what you don’t know yourselves will be considered by you as something utterly 
unknown. 

The ignorance in which you may be about some of the features which surround us is 
sufficient to make these objects entirely novel to you. You will therefore learn enough and 
there are chances enough for knowledge in looking out the most common things. But it 
will tax your patience, and you will feel some discouragement, but you must overcome it. 
I had once a student, a near friend of mine now, who wanted to become a naturalist and 
I had great hopes of him so I put into his hand a piece of worn coral. I told him I 
would give him a fortnight to find out something about it. He confessed to me afterward 
that never in his life had he been so taxed as with that piece of coral worn so that it 
showed nothing to his eye. He could make nothing of it. Once I saw him almost in 
despair, and I said to him, “Why don’t you break it, and look for something on the in- 
side?” That was the first intimation that led him to the real mode of looking at it. From 
that time he made progress. He is now a very keen investigator. If you find what I place 
in your hands taxes your patience to the utmost, think that I did it purposely and that 
you have to overcome the difficulty you may encounter in some way or other, and it will 
lead you in the right direction for observing for yourselves. That is the great thing to gain. 


I make no apology for the imperfection of our preparations. We are really only in 
possession of about one fourth of our appliances for the room which will be occupied 
shortly. In about two days we will have about one half ready. There was no possibility 
of hurrying our arrangements, for a great deal had to be done before we could make a 
material beginning. Before I could give directions for building or consult with the archi- 
tect, I must decide about the character of the school and what was to be done here, and 
the method I would apply in the instruction, for otherwise I could not have our labora- 
tories appropriate for our work. I was determined that we should not be satisfied with 
that mode of proceeding of which we have so many examples in these medieval castles 
for the abode of modern science. I wanted, if possible, that our rooms should correspond 
at once with our work, and it was necessary therefore to determine even the numbers that 
could be admitted. I know very well that no teacher can teach a great many pupils. That 
is one of the woful mistakes of education, that we crowd hundreds in one building, and 
intrst the growth of mental development to a few teachers. That should not be the case 
here. The work is exhausting enough in itself not to be made more so by crowding. 
Therefore I determined that though I shall enjoy here the help of many competent scien- 
tfic friends, we would have only so many pupils as we could teach well, and I determined 
upon the number of 50. It is a large number, in my estimation, but with good will some- 
thing may be done, even with so many. Now as soon as that was done we determined a 
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question of no small moment—whether iadies should be admitted. In my mind I had no 
hesitation from the start. There were those about us whose opinion I had to care for but 
did not know. I thought the best way was not to ask it, but to decide for myself. [Ap- 
plause } 

Now it was Feb. 22 when these grounds were dedicated to scientific purposes. It was 
not until May 1 that the plans could be discussed. The buildings were framed in New- 
Bedford, for it was not easy to bring workmen here. On June 1 the buildings were raised. 
We have tried to make things as comfortable as possible for to-day. You will find your- 
selves on a picnic for a couple of days, but shortly I hope affairs will be better. The first 
floor of the building is designed for a laboraotry, where you will have your appliances 
necessary for scientific work. The upper story is for dormitories. We are to have two such 
buildings. But this places you at once in the condition of explorers. Do you think those 
traveling over unknown countries had a hotel every night, and found their comfort in the 
kitchen? They had to carry their meats and beds with them, or lie on the ground. We 
start already on a little better footing than that. 


These difficulties remind me of some of the conditions under which the best work is 
done by explorers. As I shall have occasion to tell you in reference to these bowlders of 
which this island is composed, I may as well tell you how I spent in one Summer, 72 
consecutive nights on the bare ice, and at a level of 8,000 feet above the ocean without 
other covering than the canopy of heaven, and saw a great deal I wish I could show you 
here. [Applause} Take it in that spirit and pardon the discomforts you may experience. 
Our appliances for study are none but what nature affords. The land is limited by the 
sea, and to that you will have to turn your attention exclusively. I have asked you to 
bring us books; I hope you have followed my advice. The fewer you have, the more you 
will be left to mature’s resources. The best work done by the most prominent of our 
scholars has been done in regions, some richer, some less rich, than this. Here the oppor- 
tunities are as good as we can expect anywhere. It is only in tropical countries that the 
traveler can study a richer nature. 


Here we have all we can expect for scientific work. We have good help in various 
ways. A gentleman here present has given the school a charming yacht to go with into the 
deep water and dredge, that we may become acquainted with the inhabitants of the sea. No 
other school on earth can do this. So we owe a debt to Mr. C. W. Galloup, but I trust 
you will become acquainted with him soon. We have advantages from the Coast Survey, 
and as that is one of the most important departments of the service, I want to tell you 
how that service is interested. The Coast Survey is one of the most interesting scientific 
organizations in existence, and exercises the highest order of training. They need trained 
assistants. They will give us all the help they can that we may train ourselves to help 
them. I trust that under the guidance of Count Pourtales, who is the master of this kind 
of service, you will learn how to use the instruments necessary for exploring the shores, 
and at home you can apply the practice to the exploration of our lakes. We don’t know 
what is at their bottom. One solitary lake of our larger lakes has been a little examined 
by the lamented Stimpson, and he found at its bottom marine animals resembling those of 
the Arctic seas. There is no knowing what you may find, if you learn how to explore, in 
the very neighborhood where you thought there was nothing to be found. Specimens for 
examination can be obtained from the museum at Cambridge. I have brought some which 
may be of use while we are learning. 

Now I would say a few words about our work. Every morning when I can be here I 
propose to give you a piece of advice about the way to employ your time. Jn proportion 
as you have made some progress it will be of different character. I shall invite you to 
ramble about the island to observe what there may be of interest. I shall constantly ask 
you to tell me what you have seen to see how your mind works. Our chief work will be 
to watch the aquarium. I want you to study principally marine animals. The only way to 
do that properly is to have them alive by your side. In a very few days I shall place at 
your disposal a series of these appliances. I have ordered one for every person admitted 
to the school, so that each of you will have means to make these investigations. I have 
never had in my own laboratory better opportunities for work than I place at your dis- 
posal. Our way of studying will be somewhat different from the instruction generally 
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given in schools. I want to make it so very different that it may appear that there is 
something left to be done in the system adopted in our public schools. I think that pupils 
are made too much to turn their attention to books, and the teacher is left a simple 
machine of study. That should be done away with among us. I shall never make you 
repeat what you have been told, but constantly ask you what you have seen yourselves. 
{Prof. Agassiz then spoke briefly of the study of certain diagrams, of animal structure, 
microscopy, the currents of the ocean, and the phenomena of light, and concluded as 
follows: } 

What I want you to do in order to profit by this is to work yourselves. I shall turn 
your attention instantly in that direction. Don’t read or ask questions. I shall not answer 
them, as you know you must understand things yourselves. It is a poor service to render 
to a pupil to give him a ready-made answer. I shall want you also to use the lens of the 
microscope, and also to learn the use of the knife. It is not a hard operation, if done prop- 
erly. The housekeeper cuts the meat for her table in some way or other. The animals we 
dissect are not any more repulsive than many of the articles we use in the kitchen. Then 
why should you not make yourselves acquainted with the operations which are necessary 
for the study of these animals? This is about all I had to say. If you will give me and 
my friends your confidence, we will do the best we know how to promote your object. 
{Applause } 


Luminosity of the Night Heron 


W. L. McATEE 
6200 Woodlawn Avenue, Chicago, Illinois 


Reviewing a letter file not available to me when I prepared the paper, “Luminosity in 
Birds (Amer. Midl. Nat. 38(1): 207-213) I find a quotable missive, bearing on the 
subject, that was sent to me by the well-known Texas naturalist Henry Philemon Attwater 
(1854-1931). It was written in 1927 by C. F. Bates, then of Houston, Texas, whom Mr. 
Attwater regarded as a close observer well posted on aquatic birds. Mr. Bates’s letter in 
part reads: “On one occasion when I was .. . about 12 years old, I was out in the woods 
{in Iowa] where it was swampy and saw balls of fire that would be just about a stone’s 
throw away. . . . When just as the ball of fire was as plain as it could be, there was a 
great sheet of lightning . . . and I saw a bird there where the fire had been, and I followed 
it on past where [the land} was marshy and then the ball of fire would be back of me. 
. . . When I had grown up and was acting in the capacity of Game and Fish Warden, I 
had occasion to be out along the Cedar River near Cedar Rapids . . . and frequently 
would see these balls of fire along the lagoons near the river, and as it always was during 
the season when the Night Herons were nesting, and where I could see them during the 
day, I mentioned the matter to . . . Judge I. N. Whittam, who went out with me on 
several occasions to see the balls of fire, and to locate the Night Herons, which we did 
several times by the use of a large flash light.” [This was in 1899.] 
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Book Reviews 


THe Ways oF THE Mun Dauser. By George D. Shafer. Stanford University Press, 
Stanford University, Calif. 1949. 78 pages, 8 figs. 10 plates (4 in color). $2.50. 


This small volume is an unusual blending of keen observation on insect behavior and 
a skillful biochemical analysis of a remarkable phase of insect metabolism. 


The latter occupies half of the volume and is devoted to the manner in which this 
predaceous, and therefore protein-ingesting, organism (Sceliphron cementarium) rids itself 
of nitrogenous waste. This accumulates during the larval (feeding) stage, to be discharged 
when the insect emerges as the imago seven or eight months later. Because the larva pos- 
sesses no anal orifice, no excretory “liver” (Malpighian tubules), the nitrogenous waste is 
stored as insoluble crystals of uric acid in the “fat body.” During metamorphosis a com- 
plete intestinal canal develops, with accessory glands, and in due course of time the uric 
acid is changed to soluble allantoin (by experimentally demonstrated allantoinase), which 
is eliminated by the Malpighian tubules and excreted into the intestinal canal. Here the 
reconverted uric acid is collected into pellets which the wasp eliminates upon emergence 
from the nest at the rate of a dozen a day for several days. The uric acid may total 1/22 
of the insect’s weight. How super-gouty, the author remarks, would not a man be who 
had to eliminate a corresponding quantity (7 lbs.) of uric acid! 


This biochemical study the author develops logically as a kind of motif in a sketch of 
the insect’s life history, giving the whole work the charm of lucidity and simplicity. 


Each of the last four chapters is devoted to an individual “friend” or “acquaintance” 
of the author: “The Muddauber of the Window,” “. . . of the Long Box,” “. . . of the 
Shutters” and “Crumple-wing.” The latter was unable to fly, yet performed many of the 
race’s behavioral responses in captivity. Here we have straightforward and honest reports 
on insect personalities, adaptability, memory and learning. In common with most writers 
on the habits of solitary wasps the author succumbs to much anthropomorphism and ento- 
mological mind reading; but one has the impression that he does this mainly for literary 
flavor. Certainly the behaviorist can read this work with profit, for the actual observations 
are clearly stated. 

In these studies retired professors have an example set in the very evident pleasure 
which Professor Emeritus Shafer had in making his observations and experiments and in 
telling us about them.—Cart G. Hartman, Ortho Research Foundation, Raritan, N. J. 


HANDBOOK OF FROGS AND TOADS OF THE UNITED STATES AND CANADA. By Albert 
Hazen Wright and Anna Allen Wright. Comstock Publishing Company, Ithaca, New 
York. 1949. xii, 640, pls. 1-126, textfigs. 1-7, maps 1-37. $6.00. 


The third edition of the now well-known Handbook of Frogs by Professor and Mrs. 
Wright, first published in 1933, brings this much valued work up to date and adds 
greatly to its usefulness by the addition of maps of geographic range. It is especially 
gratifying that the Comstock Publishing Company’s series of handbooks, which are under 
the advisory editorship of Dr. Wright, should have had so satisfactory a growth. They 
now include accounts of the North American salamanders, frogs and toads, and lizards, 
with a volume on the mammals of Eastern North America. 


The work on frogs is pleasingly dedicated to the four women who have made distin- 
guished contributions to the study of North American frogs. The reviewer began his 
herpetological studies under Professor Wright, and his museum career under Miss Dicker 
son, and holds them in affectionate remembrance. It is good to think that the name of 
Mrs. Wright may now be added to this list. The inversion of order of the authors in the 
third edition, and the modification of the title, need concern only bibliographers. 

The form of treatment is uniform, species by species, with paragraphs for the common 
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name, scientific name, range, habitat, size, general appearance, color, structure, voice, 
breeding, journal notes, and references (“authorities corner’). 

Abundant quoted material from authors as early as Peter Kalm and William Bartram 
and from references as late as 1948, and the quotations from the journals of the authors 
serve greatly to enliven the work, and add to its usefulness. The geographically arranged 
bibliography serves to bring local references to the attention of amateurs who may wish 
to start their library with the literature of their own region. There is ample index. 
—Karv P. ScHmipt, Chicago Natural History Museum, Chicago 5, Illinois. 


New Guinean ReptILES AND AMPHIBIANS IN THE MusEUM OF COMPARATIVE 
Zootocy AND Unitrep States Museum. By Arthur Loveridge. Bull. of the 
Museum of Comparative Zoology, Harvard College, Vol. 101, No. 2, pp. 305-430. 


1948. $1.50, paperbound. 


The original intention in preparing this paper was to report on the data derived from 
an examination of specimens sent in by men in the armed services. This was broadened 
to include all the New Guinean material in both museums, for some collectors, notably 
W’. H. Stickel, had divided their collections between the two institutions. In all 1,809 
specimens representing 166 forms were deposited in the two museums at the end of 1947. 
These 166 forms are about 44% of the total number listed as occurring in New Guinea. 
Although the coastal regions of New Guinea have been fairly well worked from a herpe- 
tological viewpoint, much remains to te done in the interior. 

There is included in the report a gazetteer of New Guinean localities and a complete 
list of the forms of amphibians and reptiles thought to be extant in the region. The 
systematic account follows the usual form: brief synonymy, specimens, description, and 
field notes. Perhaps the most interesting portions of the systematic discussion are the notes 


by the collectors on the color in life, habits, and habitats. 

In the course of the work a number of taxonomic alterations were found necessary. 
These changes include the description of 8 new subspecies (3 lizards, 1 snake, and 4 
frogs); the according of 18 forms to subspecific rank (14 lizards, 1 snake, and 3 frogs); 
and the reduction of 34 forms to synonymy (22 lizards and 12 frogs). The bibliography 
is not extensive, but is quite representative-—R. L. Livezey, University of Notre Dame, 
Notre Dame, Indiana. 


REVISION OF THE AFRICAN LIZARDS OF THE FAMILY GEKKONIDAE. By Arthur Lover- 
idge. Bull. of the Museum of Comparative Zoology, Harvard College, Vol 98, No. 1, 
pp. 1-470. plates. 1947. $5.00, paperbound. 


This monograph, another in a series of revisions of families of African lizards, typifies 
the meticulous revisionary work of Loveridge. The work is based on intensive examina- 
tion of material in the Museum of Comparative Zoology. The geckos of Africa are 
assigned to 204 forms within 28 genera; this represents four times as many forms as was 
1ecognized sixty years ago in Boulenger’s revision. 

Following the standard pattern, the book is arranged into: introduction, list of species, 
key to the genera, species accounts, and bibliography. Within each generic account is a 
key to the various species. Specific accounts include a great variety of headings such as: 
brief synonymy, native name, description, color, size, sexual dimorphism, breeding, remarks, 
habits, habitat, parasites, enemies, localities, range, and folklore. Inclusion of information 
on habits and folklore provides interesting and unusual reading in a normally technical 
paper. There is a chart giving the geographical distribution of the genera of African Gek- 
konidae and several tables summarizing for a genus the pertinent scalation for the included 
species. These tables, however, do not indicate the numbers of specimens used in ascer- 
taining the data. 


The bibliography of 654 titles covers the years between 1758 and 1946, with an espe- 
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cial emphasis on the period between 1885 and 1943. Completing this monograph is an 
index of names used and 35 figures in 7 plates——Ropert L. Livezey, University of 
Notre Dame, Notre Dame, Indiana. 


REPTILES FROM THE INDIAN PENINSULA IN THE MuSEUM OF COMPARATIVE ZOOL- 
ocy. By John D. Constable. Bull. of the Museum of Comparative Zoology, Harvard 
College, Vol. 103, No. 2, pp. 59-160. 1949. $1.25, paperbound. 


This paper is a report on the 775 specimens of reptiles from India now deposited in the 
Museum of Comparative Zoology. There are contained in this series 219 forms as fol- 
lows: crocodilians 2, chelonians 13, lizards 93, and snakes 112. Most of these specimens 
were deposited in the museum over 60 year ago. The collection is for the most part the 
result of activities by a very few donors and through exchanges. The most important 
single donor was Colonel R. H. Beddome, who sent a total of 204 specimens representing 
61 forms, including topotypes of species described earlier by him. This material is, how- 
ever, poorly localized. From the Reverend M. M. Carleton the Museum received better 
localized material from Punjab consisting of 230 specimens including 39 species. 

As a result of the study of this collection two new species have been described (Gymno- 
dactylus malcolmsmithi and Typhlops loveridgei), two forms are reinstated as subspecies, 
four have been relegated to subspecific rank, one is believed a synonym, four are consid- 
ered as being as of questionable specific distinction, and six are believed doubtfully distinct 
on the subspecific level—R. L. Livezey, University of Notre Dame, Notre Dame, Indiana. 


BirDS OF THE PHILIPPINES. By Jean Delacour and Ernst Mayr with line drawings by 
Earl L. Poole and Alexander Seidel. The Macmillan Co., New York. 309 pages. 
1946. $3.75. 


This welcome kook is one of the Pacific World Series published under the auspices of 
The American Committee for International Wildlife Protection. It was designed originally 
to help those in the Armed Services during the recent war as well as their families and 
friends at home to a better understanding of the strange birds they might see on their 
travels and perhaps create a desire to protect and conserve a wonderful asset, which if 
once destroyed could never be replaced. The book will continue to be the outstanding be- 
ginner’s manual on the bird life of the Philippines because the erudition of its authors 
guarantees its authenticity and their field experience enabled them to present the birds as 
the ordinary observer sees them. By limiting the work to the birds of the Philippines and 
condensing the descriptions to the distinctive markings and habits, the authors have been 
atle to cover the 450 species known from the islands into a pocket-sized volume of 309 
pages. 

In addition to good descriptions of the various species and their distinctive habits and 
calls, a brief discussion of each family is given together with simple keys for quick 1denti- 
fication of the species. 

Nineteen pages, following a foreword by Fairfield Osborn, introduce the reader to the 
geography and bird geography of the area describing the various habitats in which the 
different birds are found and explaining the probable origin of the Philippine bird fauna. 
Attention is called to the gaps in our knowledge and suggestions made as to the further 
studies that can be made by bird students visiting the area. 

An appendix lists the birds of the Palawan Group of islands to the west, where 43 of 
the 111 species are definitely of Malaysian affinities and where seven endemic species, as 
well as many peculiar subspecies, occur. Appendix B lists generic synonyms as well as pre- 
senting a glossary and abbreviations and is followed by a good index. 

The sixty-nine line drawings by Earl Pocle and Alexander Siedel are well executed, 
and give the reader an excellent conception of the form and markings of the birds, if not 
their color—ArTHUR A. ALLEN, Cornell University, Ithaca, N. Y. 
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Cottece Borany. By Harry J. Fuller and Oswald Tippo. Henry Holt and Company, 
New York. 1949. 993 pages, 583 illus. $5.75. 


The writing of a new textbook is a rather formidable task in a field such as botany 
where there is already a reasonable selection of texts, meritorious for one reason or an- 
other. A new book may derive merit from a number of sources, among which is the 
modernization of established traditional points of view entailing a certain amount of reor- 
ganization and addition or deletion of material, or both. College Botany follows this 
pattern, and owes a large measure of its merit to the luxury of expansion by inclusion 
of much desirable subject matter not often appearing in elementary texts. The authors 
have set for themselves the goal of presenting text material deemed satisfactory as an 
troduction to the professional student, as well as the general student for whom the course 
is usually terminal. In furtherance of this aim an impressive body of factual information 
is presented, treating in some detail most aspects of tormal plant sciences and certain 
allied fields. The book is notable for its modern and comprehensive treatment of the in- 
formation traditionally appearing in elementary textbooks, plus extensive incorporation of 
material frequently necessarily reserved for more advanced courses. It is broad in scope, 
little having been omitted that is likely to be considered essential in the three-quarter or 
two-semester course for which the book is designed. 


College Botany is thoroughly analytic in approach and is well organized to transfer, 
comfortably, information from the printed page to the student. It is written in understand- 
able language; words or phrases the authors wish to emphasize are conspicuous in bold- 
face type, and technical terms are frequently analyzed as to derivation which enables the 
student to acquire a fundamental working knowledge of the language of botanical science. 
Similar information, including definitions of terms in the sense used in this book, is to be 
found in a rather extensive glossary. Each chapter is provided with a well chosen list of 
suggested readings, a group of summary statements, and a list of study topics and ques- 
tions. The extensive summaries occupy approximately 6% of the text space and seem 
unnecessarily detailed—three or four statements at times filling an entire page. The lists 
of study questions consist largely of “search cues” and do not usually extend the students’ 
thinking beyond information directly stated in the chapter and frequently repeated in the 
summary. For example—Text: “The branches of the primary root are secondary roots”; 
Summary: “The branches of primary roots are secondary roots”; Question list: “What 
are secondary roots?” 

About half of the text is devoted to a thorough-going analysis of the vegetative and 
reproductive organs of flowering plants with emphasis on morphology and _ physiology. 
Important biological relationships are at times obscured by overemphasis of functions pre- 
sumed to be unique to a particular structure, as exemplified by the repeated insistence 
that “Leaves are the food making organs of plants.” At appropriate places special chap- 
ters are devoted to such subjects as the structure and physiology of cells and tissues, 
metabolism, growth and irritability, and variation and heredity. Throughout, the authors 
have carefully included material that is probably as modern as is ever possible in an 
elementary text. The section “Irritability in Plants” is confusing and many of the inter- 
pretations are open to criticism. A particularly objectionable feature is the interpretation 
of effective environmental influences as at times involving sensory and perceptive tissue 
areas. Commendable attention is given at particularly critical times to the admonition that 
plants do not behave in a purposeful way and frequent use is made of the comment that 
a given kind of activity only seems purposeful, a device at least partially necessitated by 
failure to adhere rigidly to language that does not so imply. The implications of such 
terms as “taking in” and “giving off’ as applied to passive movement of materials do 
violence to the authors’ own extensive analysis elsewhere of the forces underlying the 
diffusion of molecules, and such terms as “acid-preferring” and “warmth-loving” endow 
plants with strange properties indeed, to cite but a few examples. 

The plant kingdom is treated phylogentically—the authors adopting a modern natural 
scheme of classification as a point of departure. Each phylum is characterized particularly 
with reference to morphology, physiology, economic importance, and relationship to other 
plant groups. Several genera within each phylum are selected for discussion, the number 
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treated being in excess of the needs of any one course but to a degree the authors feel 
will permit adequate selective choice to teachers of differing preferences and geographic 
locations. The biological and economic importance of bacteria and fungi is appropriately 
emphasized, and one entire chapter is devoted to these and other organisms in relation to 
plant disease. 

A concise treatment of the fossil floras of geologic eras provides a record of observable 
fact that is utilized with other types of evidence to demonstrate plant evolution. The vari- 
ous theories of evolution are examined and interpreted in relation to modern concepts of 
environmental and heritable variations. 

The text in its entirety contains a wealth of general biological knowledge of value to 
the general student as well as much that is not. The special needs of nonprofessional 
students have been served largely by reference to the practical usefulness of botanical 
knowledge and by the large body of interesting information on the economic use of plants 
liberally distributed throughout the text as well as being the subject of a complete chapter. 
Although the student is introduced to some of the ecological relations of plants, the book 
as a whole lacks the unity that a more pervading ecological point of view would provide. 
Such subjects as forestry, conservation, agriculture, and others equally important in gen- 
eral education, are mentioned but not sufficiently emphasized and tend to be obscured by 
the presentation of more and more facts. A notable and highly desirable exception is the 
excellent discussion of the origin, physical and chemical properties, management and con- 
servation of soils. Similar emphasis on other environmental complexes would greatly 
improve the usefulness of the book as a means of synthesizing factual details that are 
often preferably presented elsewhere than in a text. 

On every level of author-editor-publisher-printer relationship, care has been taken to 
make this a desirable book. It is remarkably free of editorial errors, beautifully designed 
and printed, and very attractively bound. An especially noteworthy feature is the exceilent 
selection of beautifully reproduced photographs, only a few of which have appeared in 
other texts. Effective use is also made of numerous line-drawings that are usually excellent 
but occasionally indifferently executed. 

It seems safely predictable that a book as thoroughly done as this will be well received 
by many botanists. In its broad coverage and careful organization, it should be readily 
adaptable to many types of courses, and for those whose teaching philosophy does not 
permit this type of book it could at least serve as an exceptionally convenient reference. 
—M. E. Brirron, Northwestern University, Evanston, Illinois. 


CuHeEcK-LIisT OF THE VASCULAR PLANTS OF Maine. By E. C. Ogden, F. H. Steinmetz, 
and F. Hyland. Bull. of the Josselyn Bot. Soc. of Maine No. 8, Orono, Maine. 1948. 
70 pp., 1 figure. 


Admittedly the Check-List of the Vascular Plants of Maine is a prelude to the 
eventual preparation of a flora of that State. It represents a summation of multitudinous 
efforts by some of the great systematists of the past two centuries and countless collectors 
of the flora of New England. This entire region, largely because of the tireless efforts 
of the many collaborators and the phenomenal work and extensive revisions by the 
authors of Gray's Manual, undoubtedly represents floristically one of the better known 
regions in America. The Check-List of the Vascular Plants of Maine, drawing as it 
does on this knowledge and on these and other extensive collections, assures the breadth 
and the accuracy of the undertaking. 

The work includes 2,018 species, 69 hybrids, and over 600 subspecific entities, making 
an aggregate total of 2,700 plants distributed over 625 genera In all, 130 families are 
included. The genera, species and subspecies are arranged in alphabetical order within the 
families which essentially follow the sequence of Gray's Manual, seventh edition. The 
distribution of the plants is listed for each of the 16 counties which are arranged in tabular 
form side by side with the names of the plants. 


It is interesting to note that the flora of Maine as here recorded represents roughly 
60% of the flora included in the seventh edition of Gray’s Manual. This is truly a good 
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representation and surely indicative of a rich flora. When the mass of information recorded 
is finally assembled, probably with the aid of distribution maps, periods of flowering for 
different plants, concise descriptions and other pertinent data, it will doubtless later serve 
as a nucleus for a state flora. 

Those of us who have collected in northern New England welcome this fine catalogue 
of the distribution of the native and naturalized plants of Maine. It may well serve as a 
stimulus for further collections and help increase our knowledge of the flora of New 
England.—A. L. Detiste, University of Notre Dame, Notre Dame, Indiana. 


Tue Use oF Isotopes 1n BiocoGy AND Mepicine. A Symposium. The University 
of Wisconsin Press, Madison, Wisconsin, 1948. 445 pages, 53 figures, 11 plates. 
$5.00. 


The stated purpose of this volume and of the symposium which it represents is to 
stimulate interest in the peaceful uses of atomic energy among those qualitied. This it 
should achieve. The volume opens with a chapter on historical background which is fol- 
lowed by three chapters on the preparation and availability of stable and radioactive 
isotopes. There are then four chapters on assay of isotopes and the preparation of com- 
pounds containing them. Five chapters deal with the use of isotopes in the study of 
protein, carbohydrate, lipid, and mineral metabolism and these are succeeded by three 
chapters on the medical applications of the radioactive isotopes. There are two chapters on 
health hazards and protective measures and the volume concludes with a chapter on the 
international aspects of atomic energy and one on the development of atomic energy. 


This volume will make interesting reading for anyone contemplating the use of either 
stable or radioactive isotopes in connection with biological or medical problems, but can 
ir no sense serve as a reference work. The field which it attempts to cover is vast and 
each of the 20 authors who contributes a chapter necessarily touches only upon certain 
aspects of his particular subject. Although certain phases of the technique of isotope in- 
vestigation are presented here more clearly than in any other volume which has come to 
the attention of the reviewer, only a small portion of the book is devoted to methodology 
and the novice who is searching for a description of procedures is likely to be disappointed 
when he attempts to obtain information concerning a particular aspect of isotope deter- 
mination. 

The major portion of Isotopes in Biology and Medicine is devoted to reviews of inves- 
tigations which have been carried out in the field of metabolism and in the therapy of 
human diseases by the use of stable or radioactive isutopes. Since each chapter is followed 
by a list of references, the investigator who contemplates such studies should find these 
reviews useful. 

The same investigator, however, will probably not be satisfied with the discussions on 
health hazards and protective measures. This is not due to the inadequacy of the authors 
of these chapters but to the fact that such a small portion of the volume is devoted to 
this aspect of isotope investigations that they could only touch upon a few important 
features of this field. The average biologist who is just entering or plans to enter upon 
the use of isotopes must, of necessity, obtain the assistance of a competent physicist and 
probably of a physician familiar with health hazards or train himself in these aspects of 
the field. In addition, he is likely to have to study the peculiar chemical behavior of ele- 
ments in trace quantities which often differs greatly from that of macro amounts. In 
Isotopes in Biology and Medicine he will not find the material to provide the background 
which he needs in these three fields, but he will find the highlights of a great variety of 
the aspects of isotope use and the manner in which they have been employed in biological 
problems.—L. A. CraNDALL, Miles Laboratories, Elkhart, Indiana. 
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